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1 Summary 
The stains found at the crime scene need to be screened to determine if the stain is of bodily 
origin (e.g. semen, blood and saliva etc.) and could be analysed for DNA. This is typically 
done by presumptive testing. Forensic scientists use chemical or enzymatic assays to 
determine the component of the stain to make an inference as to the identity of the stain. In 
the case of a possible semen stain, a test for acid phosphatase is used. Acid phosphatase (AP) 
is found at higher concentrations in semen than other bodily fluids. The AP test is a colour 
reaction that turns from colourless to purple in the presence of AP. At high levels of AP, this 
reaction can take a few seconds. Several other bodily fluids, as well as plant materials, can 
react with the AP test resulting in false positives. There is no consensus in the literature 
regarding the cut-off time for a positive reaction.  South African Police Service (SAPS) 
Forensic Science Laboratory (FSL) use 50 seconds as the time for a positive human semen 
identification using the commercial brentamine Fast Blue (FB) reagent. In this study we aim 
to test the specificity of the AP test against non-human mammalian semen and well as plant 
extracts to determine the accuracy and reliability of the SAPS FSL time period for positive 
results. We will use both the direct and indirect method to apply the brentamine FB to 
controlled semen stains and will determine the reaction kinetics of this test. 
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2 Introduction 
The detection and identification of stains as potential biological or bodily fluids at crime 
scenes, are vital steps in forensic investigations. The common bodily fluids present at most 
crime scenes are blood, vaginal fluid and semen [1]. These fluids could play a pivotal role in 
determining the sequence of events which occurred [1,2]. The presence of vaginal fluids and 
semen at a crime scene suggests a sexual encounter or assault had occurred, and blood 
suggests a physical altercation [1,3]. These bodily fluids are detected at the scene using a 
particular form of light commonly called an alternate light source (ALS) to detect and 
visualise the stain [2]. The bodily fluids from which the stain originate, would be identified 
using presumptive tests (chemical, catalytic, chemiluminescence or immunological tests). 
Confirmatory tests will then be carried out on the samples from the stains to verify the 
substance [2]. 
 
2.1 Detection and Presumptive testing 
Since the naked eye on its own is sometimes insufficient to notice certain stains, the use of an 
ALS aids in this regard. The ALS emits light at a specific wavelength and certain fluids will 
fluoresce or darken when the ALS is shone upon the stain [4,5]. Semen contains 4-
methylumbelliferyl phosphate, which is modified by acid phosphatase (AP), and the product 
fluoresces under ultra-violet light [6]. However, detection in this manner could give poor 
results when the stain is on dark or different types of fabrics [4,5]. Therefore, presumptive 
tests would be performed on suspected bodily stains to elucidate the source of the stain  [1,2]. 
 
The presumptive tests for bodily fluids determine the identity of the fluid by testing for 
specific components. Blood, which contains haemoglobin, will fluoresce in the presence of 
Luminol, which reacts with iron [2]. Additionally, the Kastle-Meyer (KM) test presumptively 
determines the possible presence of blood.  The KM test uses phenolphthalein and hydrogen 
peroxide to react with the haemoglobin in the stain resulting in a colour change [7]. To test 
for semen, a chemical/enzymatic, AP test and immunological prostate-specific antigen (PSA) 
test [8,9] can be used. Both these tests are able to detect semen in men who are azoospermic 
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(have a low sperm count) or have been vasectomised [10]. The AP test has been shown to be 
a good screening test to determine if there is semen on textiles [11].  
 
 
Figure 1 The reaction mechanism of the acid phosphatase presumptive test. 
 
The AP test is a determination of the presence acid phosphatase enzyme in the stain. The 
enzyme occurs 500 to 1000 times greater in semen than to any other bodily fluid [1,8]. The 
test is based on the reaction shown in Figure 1, the AP removes the phosphate group of the 
substrate, α-naphthyl phosphate, which then becomes α-naphthol. The α-naphthol reacts with 
diazotised ortho-dianisidine (brentamine FB) which results in the formation of purple azo 
dye, over time [12,13]. There are several methods in which the AP test is performed: the 
indirect method, which is routinely used, when a moistened swab or blotting paper is applied 
to the stain and the swab or blotting paper is then tested for AP [12,14,15]. Conversely, the 
direct method  directly treats the stain on the fabric with an aerosolized solution of the AP 
test compounds [3]. The direct method may be more sensitive at detecting AP in low 
concentrations of semen and did not appear to affect the subsequent DNA testing of semen 
stains [3]. Partial DNA profiles were amplified from 1 in 3000 dilution test directly whereas 
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for the indirect test a partial profile was amplified from the 1 in 2000 dilution [3]. Full 
profiles were amplified at the 1 in 750 dilution for the indirect test and the 1 in 500 dilution 
for the direct test [3]. 
 
The AP test is a presumptive test because other bodily fluids also contain acid phosphatase 
such as vaginal secretions and faeces. Presence of these fluids could result in a false positive 
identification of semen [3,16]. Certain plant materials have also been shown to give weak 
positive reactions [3,17]. The false positive results from non-seminal stains showcases the 
poor specificity of the AP test, as the false positives would give a faint colour change 
comparable to a dilute semen stain [3]. A study in the United Kingdom demonstrated that 
vaginal excretions and certain food products, for example, tea mushrooms and apple elicit a 
positive result when tested for the presence of AP [3]. Tea has been shown to react positively 
and relatively quickly when tested with the AP reagents, reacting within 30 seconds when 
indirectly tested and 7 seconds when directly tested [3]. The apple, grape and mushroom react 
with a weaker colour change that develops around one minute after treated with the AP 
reagents [3]. This non-specificity has lead forensic laboratories to put a time limit on the AP 
reaction. In the United Kingdom, the reaction cut-off is two minutes, but this cut-off could 
lead to the exclusion of dilute semen samples as true positive results [18,19]. The forensic 
community in South Africa uses 30 - 50 seconds as a cut-off time, assuming that if the stain 
has turned purple within 50 seconds, it has tested positive for human semen (Standard 
operating procedure of SAPS FSL).  
 
2.2 Confirmatory tests 
An important next step to determine the source of the bodily stain is use of a confirmatory 
test. For semen stains, this is sperm cytology. Cells are extracted from the stain using buffers, 
the resulting extracted solution, presumably containing sperm, is then mounted on a 
microscopic slide and stained with either haematoxylin and eosin or the Christmas tree stain 
[20–22]. The slides are then scored to determine the number of sperm cells found and if they 
contain tails. This can be used to determine the approximate time since intercourse and draw 
time inferences for the alleged incident [23]. However, Tobe et al. demonstrated a lack of 
consensus on the scores of 37 forensic scientists scoring the same slides [24], suggesting that 
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this test is highly subjective. The Christmas tree stain can also be used to distinguish human 
sperm cells from those of other mammals [25].  
 
Genetic profiling is used as a confirmatory test for semen stains [20,26–28]. DNA profiling is 
performed on samples where the presence of sperm cells are confirmed but has also been 
shown to identify male-specific DNA from stains which are absent of sperm [10,11]. The 
DNA analysis targets the Y-chromosome, which is male-specific. The AP test is unlikely to 
interfere with the amplification process of the subsequent DNA profiling of semen stains 
[29].  
 
2.3 Enzyme kinetics 
For presumptive or confirmatory test that use enzymatic reactions the rate of the particular 
enzyme could be used as a discriminator. The primary function of enzymes is to enhance the 
rates of reactions [30]. The rate of catalysis or velocity of the enzyme is defined as the 
number of moles of the product formed per second, which is directly proportional to the 
concentration of the reactants i.e. the enzyme and substrate [30,31]. The Michaelis-Menten 
model (Figure 2) states an enzyme E binds to the substrate A to form the enzyme-substrate 
complex EA at a rate constant of k1. The EA complex has two possible outcomes, either to 
dissociate to E and S at a rate constant k-1 or it can proceed to form the product P with a rate 
constant of k2 [32]. This reaction assumes that the product does not revert to the initial 
substrate, therefore making the reaction irreversible [30]. 
  
 
Figure 2 The Michaelis-Menten equation for an irreversible enzymatic reaction. 
 
If the reaction of substrate to product is a colour reaction the amount of colour change can be 
measured using a spectrophotometer. A colour change means that a specific wavelength of 
light is being absorbed by the product [31]. The technique, absorption spectroscopy uses the 
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attenuation of light intensity at a particle wavelength after passing through a solution of an 
absorbing compound to measure the concentration of the particular compound [31].  
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3 Rationale 
The acid phosphatase (AP) presumptive test used in the South African Police Services 
(SAPS) needs to be evaluated such that it is commensurate with international standards. 
There is no consensus with regards to the cut-off time to determine a positive semen stain. 
Ideally a validated cut-off time is required to exclude stains that could potentially be false 
positives and decrease the number of false negatives. The cut-off time should not be biased 
against diluted stains. To date, the validation of the cut-off time has been studied 
qualitatively, in this study we aim to determine the cut-off quantitatively using reaction 
kinetics of the AP enzyme. 
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4 Aims and objectives 
 
4.1 Aims 
The aim of the study is to investigate the AP test using brentamine FB presumptive test for 
semen with regards to its kinetics, sensitivity, and specificity to humans.  
 
4.2 Objectives 
To fulfil these aims, the objectives are to: 
 Compare the direct and indirect method of brentamine FB testing on semen stains. 
 
 Establish the reaction time of the brentamine FB colour change test on human and 
non-human mammal semen samples (comprising a range of ages and concentrations) 
as well as substances that have been reported to cause false positives or negatives; 
both visually and by objective kinetics measurement. 
 
 Assess the accuracy and reliability of using a reaction time of 5 seconds to indicate a 
positive human semen sample 
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5 Proposed research methodology  
 
5.1 Study paradigm  
This is a cross sectional study with a target group being human and non-human males. This a 
quantitative study measuring the association of a positive acid phosphatase test reaction 
(dependent variable) and the activity of the acid phosphatase enzyme (independent) in 
seminal fluid. 
 
5.2 Study Populations 
5.2.1 Humans 
The cohort will consist of approximately 30 male adult volunteers older than 18 years of age. 
The volunteers will be approached personally by the forensic scientist from within the 
University of Cape Town and outside. A power calculation could not be used to verify the 
population size, as no prevalence or incidence variable is available. 
Inclusion criteria: 
 Must be male 
 Consented to be a volunteer (refer to appendices of informed consent) 
 To their knowledge be free of all sexually transmitted infections and 
diseases of the genital tract 
5.2.2 Non-human males 
Semen will be collected from five pigs, five bulls and five rams. The non-human mammals 
are held at the Elsenburg farm. The semen samples will be obtained through their veterinary 
service division. The semen samples will be obtained using electro-ejaculation, which is a 
method that is approved by the farm’s ethics board. 
Exclusion: Any non-human mammal semen acquired from means which did not meet the 
ethical requirements.  
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6  Laboratory work 
 
The volumes used in this study were chosen arbitrarily as starting point for this study, as 
there is no standard existing protocol and a study of this nature has not been carried out in 
South Africa before.  
6.1 Collection of samples 
Volunteers will be asked to collect early morning ejaculate in the specimen tube provided the 
day before. The volunteers will be required to masturbate and ejaculate into the sample tube 
and record the time at which this was done. The volunteers will return the specimen tube with 
ejaculate as soon as possible after collection. The volunteers will be required to donate twice 
during the duration of the study. A second date for donation will be determined by the 
forensic scientist and the volunteer.  
 
6.2 Sensitivity of AP test 
A number of dilutions (1 in 4, 1 in 10, 1 in 40, 1 in 100, 1 in 400, 1 in 1000, 1 in 2000 and 1 
in 4000)  will be made for each fresh semen sample using distilled water. 200 µL of the 
dilutions and neat semen will be seeded onto sections (5 cm x 5 cm) of white poly-cotton 
fabric in duplicate. Each stained cotton section will be allowed to dry at room temperature for 
one hour then be tested with the AP test reagents directly and indirectly as per Lewis et al 
2013 and Davidson et al 2012 using a spray bottle [3,15]. 
 
In addition, another duplicate set of stained poly-cotton fabric will be made, as described 
above, and allowed to dry for one week at room temperature. These aged stains will then be 
treated with AP test reagents directly and indirectly. The time in which the stained cotton 
sections and blotting paper turn purple will be recorded. 
 
6.3 Specificity of the AP test 
To test the specificity of  AP test, dilutions of non-human mammal (pig, ram and bull) semen 
will also be made and seeded onto poly-cotton material pieces and tested directly and 
indirectly using a spray bottle containing the AP test reagents. Extracts from uncooked 
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mushroom, grape (white and red) and apple, as well as tea (Ceylon and Rooibos) will be 
brewed. All these extracts haven been shown to react with the AP test reagents with varying 
degrees [3]. The extracts will be made by grinding the material in a mortar and pestle to 
create a paste and seeded onto poly-cotton sections. The teas will be brew in 200 mL of 
boiling water and 15 µL of the brew will be seeded onto the poly cotton fabric [17]. The 
stained fabric will treated directly and indirectly with the AP test reagents. The time in which 
the stained cotton sections and blotting paper turn purple will be recorded. To test for 
inhibition fresh neat semen stains will be sprayed with a 1% detergent solution before being 
treated with the AP test reagents. 
 
6.4 Reaction kinetics of the AP test 
The dilutions of fresh and one week aged human and non-human mammal semen will 
aliquoted into plastic spectrophotometric cuvettes, the AP test reagents will be added to the 
cuvettes. A number of dilutions of AP enzyme will be aliquoted into cuvettes. The cuvettes 
will be placed in a UV-VIS spectrophotometer and set to measure the absorbance at 525 nm 
[13]. For each dilution the absorbance values will be recorded and plotted. Using Michaelis-
Menten enzyme kinetics equations, the reaction kinetics will be determined for AP enzyme 
and the human and non-human mammal samples. 
 
6.5 Sperm cytology 
The human and non-human mammal semen samples will be mounted onto microscopic slide 
treated with Histobond®. The slides will be stained with haematoxylin and eosin and viewed 
under a compound microscope. The slides will be compared to determine if there are 
apparent morphological differences between human, pig, ram and bull sperm cells. 
 
6.6 Equipment and reagents 
For this study the use of a UV-Vis spectrophotometer and light microscope are required. The 
AP test reagent will be made up as follows: 
Stock solution A 
 Brentamine FB    1g 
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 Sodium acetate   20g 
 Acetic acid    10ml 
 Water      100ml 
 
Stock solution B 
 Sodium α-naphthyl phosphate  0.8g 
 Water     10ml 
 
The working AP test reagents is prepared by adding 10ml of stock solution A to 89ml of 
water and then adding 1ml of stock solution B [17]. The test AP reagents are then keep in a 4 
°C fridge until use. 
Haematoxylin and eosin are required for the staining of the sperm cells.  
 
 
 
6.7 Analysis of results 
The Student t-test will be used to determine if there is significant difference between the 
kinetic of human semen versus the false positives and the non-human mammal semen. The 
null hypothesis of the test will be there is no significant difference between the enzyme 
kinetics, and the alternate hypothesis will state there is a significant difference between the 
enzyme kinetics. 
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7 Outcomes and social value 
The outcome of the study will inform forensic procedures of screening possible seminal 
stains at crime scenes and in the forensic laboratory. If the enzyme kinetics of human semen 
and non-human mammal semen are no different, the inference that a positive AP reaction 
within 50 seconds indicating a human sample is unreliable and should be altered in the SAPS 
FSL standard operating procedures accordingly. The study would aid in determining an 
improved time threshold. This study could also aid the identification of non-human mammal 
semen at the crime scene. The recognition of non-human mammal sperm cells in the stain 
would aid in better determination of the source of the stain. 
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8 Ethics and risk assessment 
This study is subject to the approval of the Research Ethics Committee and if approved, it 
will be executed in accordance with the declaration of Helsinki (1964) as amended, most 
recently at the fourth General Assembly in Fortaleza, Brazil, October 2013. This study will 
also be subject to approval of the Human and Animal Ethics Committees of the University of 
Cape Town. 
 
8.1 Adverse effects to participants 
There will be no adverse effects to the participants. 
 
8.2  Risk to the researcher 
There is a risk of semen to skin exposure to infection diseases such as common sexually 
transmitted diseases and genital tract infections. The consequence of these risks is moderate 
to major as certain infections are worse than others and the infections are treatable. The 
likelihood of the risk occurring is rare, making the risk assessment low. To mitigate the 
occurrence of possible exposure to infectious samples personal protective equipment will be 
worn, this includes latex gloves, a lab coat and safety glasses. 
 
8.3 Confidentiality 
The semen samples will be labelled with an alphanumeric code which will correspond to a 
signed consent form which will also be labelled with a code. The forms will be kept in the 
office of supervisor under lock and key. 
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9 Research Protocol Appendices:  
INFORMATION FORM and INFORMED CONSENT 
 
Project Title: The evaluation of tests for the identification of semen  
Researcher: Lyle Curry 
Supervisor: Laura Heathfield 
 
We would like to invite you to participate in a research study that involves forensic 
presumptive testing for semen, using the acid phosphatase test. The recruitment of this study 
will end on the 15 November 2015. 
 
The decision to participate is entirely your own. If you decide not to participate in the 
study this will not disadvantage you in any way. There is no obligation on you to 
participate in this study. In addition, at any point during the study you are free to 
withdraw without having to provide any reason for this, and with no consequences to 
you. There is no monetary incentive for this study. 
 
Background: 
Presumptive testing of stains at the crime scene or in the forensic lab are quick methods of 
possible identification of the body fluid responsible for the stain. Forensic scientists use the 
acid phosphatase test for the presumptive identification of semen. Acid phosphatase (AP) is 
an enzyme that is found in high concentrations in semen. The test for AP involves treating a 
stain with a mixture of reagents and if the stain is positive for AP the stain will turn purple. In 
the Forensic Science Laboratory in South Africa, the cut-off time for a positive reaction for 
the AP test is 50 seconds, which in the eyes of the forensic analysts, indicates the possible 
presence of human semen. This cut-off time however, has not be tested in the lab, nor has the 
AP test been compared to semen samples from animals. The aim of this study is to therefore 
evaluate exactly how long the AP test takes to presumptively identify semen and to 
investigate how specific this test is to humans. We will also test the sensitivity of the AP test 
by aging semen stains for one week and comparing the time to a positive reaction against a 
fresh semen stain. 
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The study will involve collecting semen from male volunteers and various animals. The 
donated semen samples will be tested to investigate how specific the AP test is on human 
semen when compared to animal semen and to determine the reaction kinetics of the AP 
enzyme in semen stains. This will allow us to better determine the cut-off time for the AP test 
in order to better inform forensic labs on what the cut-off time should actually be. No DNA 
analysis will be carried out on the semen samples. 
 
What we need from you: 
To participate, you will need to donate two semen samples. You will be required to 
masturbate and ejaculate into the sample jar and record the time at which this was done. This 
can be done in the comfort of your own home. There will be no risk your health. 
 
The donation must be done in the morning to ensure a fresh sample to be used in the study. 
The sealed specimen jar with ejaculate must be returned to the researcher as soon as possible 
after collection. If there is any time delay between sample collection and handing it to the 
researcher, the sample must be kept in the fridge. The second semen donation must take place 
one week after the first donation. This will be used to create a paired comparison to the one 
week-aged stain.  
 
You will be require to remain abstinent for 36 hours before making a donation, that is no 
ejaculations 36 hours before the donation. You will also be required to keep the semen from 
making any contact with any other bodily fluids. The samples will be anonymised and coded, 
and stored in a 4° C fridge within an access controlled laboratory in the Division of Forensic 
Medicine and Toxicology until the project is complete. If you should decide to withdraw 
from the study at any time, your samples will be destroyed.  
 
All information about you will be kept strictly private and confidential. You will not be 
given the results of any tests done.  
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Contact details: 
This study has gained ethics approval from the Faculty of Health Science Human Research 
Ethics Committee (HREC 502/2015). The UCT’s Faculty of Health Sciences Human 
Research Ethics Committee can be contacted on 021 406 6338 in case participants have any 
questions regarding their rights and welfare as research subjects on this study. You may also 
contact the study supervisor Ms Laura Heathfield at telephone 021 406 6569 or email: 
laura.heathfield@uct.ac.za. 
 
Please read the sentences on the accompanying consent form and then tick either the yes or 
no box.  
  
Thank you for your participation and your valuable time. 
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INFORMED CONSENT 
 
I, _______________________________________________________________ (full name), 
do willing state: 
 
 Yes  No 
I have read the above / the above has been read to me, and I understand what this 
study entails. 
  
I have had the opportunity to discuss the study and my questions have been 
answered to my satisfaction. 
  
I know what is required of me, and I understand and accept the requirements. 
  
I consent to participate in this study I understand that my consent is entirely 
voluntary. 
  
I understand that I may withdraw from the research study at any time without 
giving a reason and without any consequence to me whatsoever. 
  
I understand that if I withdraw from participation at any time, my samples will be 
destroyed. 
  
 
 
I understand the samples will be stored for the duration of the project in the Division of 
Forensic Medicine and Toxicology at the University of Cape Town. After the project, I would 
like (please tick one option): 
 The samples to be stored for future research for any research project which is 
approved by the Faculty Health Science Human Research Ethics Committee. 
 
 The samples to be stored for future research that stems directly from this research 
project and which is approved by the Faculty Health Science Human Research Ethics 
Committee. 
 
 The samples to be destroyed. 
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If you sign this form, it means that you voluntarily give permission to participate in the 
study.  
 
Participant: 
 
Print Name:  ………………………………………………………………………….  
 
Signature:  …….……………………….……. 
 
Date: |__|__|/|__|__|/|__|__|__|__|  
 
 
Person obtaining consent: 
 
I have explained the nature, demands and foreseeable risks of the above study to the 
volunteer: 
 
Print Name:  ……………………………………………………………………….....  
 
Signature:  ……………….…………………. 
 
Date: |__|__|/|__|__|/|__|__|__|__|  
 
 
Witness 
 
Print Name:  ……………………………………………………………………….....  
 
Signature:  ……………….…………………. 
 
Date: |__|__|/|__|__|/|__|__|__|__|  
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PARTICIPANT QUESTIONNAIRE: 
 
Date of birth: 
 
 
YES NO 
To the best of your knowledge, do you have any sexually transmitted infection or 
diseases?     
Have you had a vasectomy?    
Are you willing to donate semen more than once?     
 
Date & time of first donation: |__|__|/|__|__|/|__|__|__|__|   Time: 
 
Date & time of second donation:   |__|__|/|__|__|/|__|__|__|__|  Time: 
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Amendments to Protocol 
5.2 Study Populations 
Humans 
The cohort will consist of approximately 30 male adult volunteers older than 18 years of age. 
The volunteers will be approached personally by the forensic scientist from within the 
University of Cape Town and outside. 
This was changed to 15 male adult participants due to time constraints. 
 
Non-human males 
Semen will be collected from five pigs, five bulls and five rams. 
This was amended to two male canines. The contact for the livestock samples did not return 
any correspondence after initially agreeing to supply specimens.  
 
Sensitivity of AP test 
Each stained cotton section will be allowed to dry at room temperature for one hour then 
either be tested with the AP test reagents directly and indirectly as per Lewis et al 2013 and 
Davidson et al 2012 using a spray bottle. 
Direct application of 50 μl of the brentamine FB reagent was used instead. This was done in 
order to keep the ratio of semen volume and reagent constant between the enzyme kinetic 
experiments. 
 
Amendment to aging of stains 
Originally, another duplicate set of stained poly-cotton fabric will be made, as described 
above, and allowed to dry for one week at room temperature. 
The aging period was increased to two weeks was used. During the initial stages of the 
kinetic experiments a technical difficulty arose with the apparatus initially required for the 
experiments but the first participant had done the first donation one week prior. Therefore to 
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change apparatus and allow for the participant’s the second donation to be used in the study 
the aging time was increased. 
 
Specificity of the AP test 
To test for inhibition fresh neat semen stains will be sprayed with a 1% detergent solution 
before being treated with the AP test reagents. 
Due to time constraints the experiment above was left out of the study. 
 
Sperm cytology 
The slides will be compared to determine if there are apparent morphological differences 
between human, pig, ram and bull sperm cells. 
As previously stated, canine semen was used. 
 
Equipment and reagents 
The AP test reagent will be made up as follows: 
Stock solution A 
 Brentamine FB    1 g (0.5 g) 
 Sodium acetate   20 g (10 g) 
 Acetic acid    10 mL (5 mL) 
 Water      100 mL (50 mL) 
 
Stock solution B 
 Sodium α-naphthyl phosphate  0.8 g (0.4 g) 
 Water     10 mL (5mL) 
 
The working AP test reagents is prepared by adding 10ml (5mL) of stock solution A to 89ml 
(44.5 mL) of water and then adding 1mL (0.5 mL) of stock solution B. 
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The quantities were halved (amended quantity in brackets), this was because the reagent 
needed to be made fresh every day and the reduction in quantities, reduced wastage.  
 
5.3.3 Analysis of results 
The Student t-test will be used to determine if there is significant difference between the 
kinetic of human semen versus the false positives and the non-human mammal semen. The 
null hypothesis of the test will be there is no significant difference between the enzyme 
kinetics, and the alternate hypothesis will state there is a significant difference between the 
enzyme kinetics. 
A Wilcoxon matched test was performed, this was because the samples being tested were non 
parametric; the sample size was too small (n = 15) and the data was exponential not normally 
distributed. The test was also used on all of the human specimens: direct test and indirect: 
aged vs fresh, as well as the reaction rates: fresh and aged. The test could not be performed 
on the canine sample as there were only 2 participants. 
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Part B. Literature Review  
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Background 
The detection and identification of bodily fluids at crime scenes and/or in the lab are vital 
steps in forensic investigations. The common bodily fluids present at crime scenes are blood, 
semen, saliva and vaginal fluid [1]. These fluids could play a pivotal role in determining the 
events which occurred and possibly, the sequence thereof [1,2]. The presence of vaginal 
fluids and semen at a crime scene suggests a sexual encounter or assault had occurred, and 
blood suggests a physical altercation [1,3]. Further, the identification of a possible bodily 
fluid typically prompts the collection of that sample for downstream DNA analysis, for 
identification purposes.  
 
These bodily fluids are detected at the scene using a particular form of light commonly called 
an alternate light source (ALS) to detect and visualise the stain [2]. The possible type of 
bodily stain would be screened using presumptive tests (e.g. chemical colour change tests, 
chemiluminescence or immunological tests). Confirmatory tests will then be carried out on 
the samples from the stains to verify the substance [2]. 
 
Semen 
Semen is an organic fluid which is produced by the male species. Semen is made up of 
spermatozoa (sperm cells) and seminal fluid which is secreted from different glands. The 
spermatozoa are produced in the testes and the fully matured spermatozoa then flow up the 
vas deferens to combine with the secretions of the seminal vesicles and the prostate, followed 
by the periurethral glands to form semen [33,34]. The typical volume of ejaculate is at least 2 
mL with a pH of 7-8 and a spermatozoa concentration of 20-150 million cells per mL [35–
38].  
 
Spermatozoa  
Sperm cells are produced in the testes and flow into the epididymis where the sperm cells are 
stored and undergo maturation before mixing with seminal fluid [39]. The sperm cell 
comprises three distinct parts: the head, the neck and the tail (Figure 1) . 
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Figure 1 A schematic diagram of a mammalian spermatozoa. The main features of the 
spermatozoa are labelled: the tail, midpiece neck, and head. The acrosome is the vesicle that 
contains digestive enzymes that breakdown the outer layer of the ovum 
 
The lengths of these parts vary between and within species [40]. The length of the 
spermatozoa of different mammalian species and the dimensions of the parts of the cell are 
shown in table 1 [40]; the length of the human sperm cell is relatively shorter than of the 
horse, cattle, and sheep, whereas the human cell is comparable to the pig cell. The head of the 
human sperm cell is smaller in length and width when compared to the other mammals. The 
neck of the human sperm cells is almost three times smaller than those of the other mammals. 
The tail of the human cell is one of the longest but is comparable to the sheep and cattle 
sperm cells.  
 
Table 1: Dimensions of different mammalian sperm cells (µm) [40] 
  
Head 
 
Neck 
 
Tail 
 
Species 
Total 
Length 
Length Width Length Width Length Width 
Man 50-60 3.4-4.6 1.5-2.8 3.5-5.0 0.8-0.6 44-50 0.5-0.4 
Stallion 60 5 2.4 8 0.5 30 0.49 
Bull 75-90 9.15 4.25 14.84 0.67 50 0.51 
Boar 50-60 8.5 4.25 10 - 30 - 
Ram 
(sheep) 
70-80 8.2 4.25 14 0.8 45 0.5 
- Indicates no measurement 
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The sperm head contains the acrosome, a vesicle that contains a hydrolytic enzyme which 
breaks down the egg wall, and the nucleus which contains the DNA. The head shape and size 
shows high variation and is species-specific (Figure 2).The human sperm has a flat disc-
shaped head with a slightly pointed tip (Figure 2F); the guinea pig (Figure 2A), rabbit (Figure 
2B) and dog sperm (Figure 2E) have a similar shape but the heads are relatively smaller and 
have a rounded tip. The mouse sperm cell head has a hook shape (Figure. 2C). The horse 
sperm cell head is similar in size (table 1) to the human sperm cell but the shape is dissimilar 
(Figure 2D).The neck of the sperm cell connects the tail to the head and contains the 
mitochondria that is the power supply to move the tail for locomotion [40]. 
 
 
Figure 2: Sperm heads of different mammals in light microscopy and stained with eosin. 
A) guinea pig, B) rabbit, C) mouse, D) horse, E) dog and F) human [40] 
 
Components of seminal fluid 
Seminal fluid is made up of carbohydrates, proteins, peptides and lipids in a aqueous medium 
[33,34]. The constituents of seminal fluid are secreted from different sources which include: 
epididymis, the vas deferens, seminal vesicles, prostate gland and periurethral glands [33]. 
Seminal fluid contains high concentrations of glucose and inorganic phosphorous [41] and 
that from fertile human individuals contain over 200-300 proteins and protein subunits, with a 
range of sizes [42]. A study by Edwards et al. (1981) identified the differences in 
composition of seminal fluid between fertile and vasectomised males. They showed that 
certain proteins (with the approximate mass of 30 kDa) were absent in vasectomised males. 
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These absent proteins were most likely of testicular origin. Acid phosphatase (AP) however, 
was present in both vasectomised and fertile males suggesting the enzyme originates in the 
prostrate [42]. A study by Autiero et al 1991, identified a relative change in ratios of seminal 
proteins of infertile (oligospermic: low sperm count and asthenospermic: immotile sperm) 
men [43]. They showed AP was still present and functioning in the semen of infertile men 
[43]. 
 
Prostate-specific antigen (PSA) was originally characterised as a semen specific substance 
that could be used as forensic evidence that would aid in rape cases [44]. PSA was identified 
and purified by different research groups and given different names over time from 1973 to 
1979 [45–47] and this has created controversy as to who is attributed to initially discovering 
PSA [48]. Many modified forms of PSA were also identified in seminal fluid [33]. PSA is a 
glycoprotein produced by the prostate gland and is found in the seminal fluid at 
concentrations ranging from 0.5-3.0 mg/mL [49]. The main function of PSA is the 
liquefaction of seminal fluid [49–51].  Both AP and PSA have also been shown to be 
biomarkers for the diagnosis of prostate cancer [52,53].  
Semenogelin (Sg) is a protein which is secreted by the seminal vesicles [54]. There are two 
variants of the protein called Semenogelin 1 (Sg1) and Semenogelin 2 (Sg2), these proteins 
make up 20-40% of the seminal fluid proteins [55,56]. Sg1 and Sg2, after ejaculation, form a 
gel-matrix which immobilises the spermatozoa and prevents premature capacitation, i.e. the 
maturation of the spermatozoa to be ready for fertilisation [57,58]. After 15-20 minutes have 
passed, post-ejaculation, the gel matrix is liquefied by the degradation of the semenogelins by 
PSA [50,51]. 
 
The AP enzyme occurs 500 to 1000 times greater in semen than to any other bodily fluid 
[1,8]. Human prostatic AP is a 100 kDa glycoprotein composed of two subunits, and is 
expressed in well-differentiated normal human prostate epithelial cells [59,60]. AP enzymes 
hydrolyse a wide assortment of small organic phosphomonoesters under acid conditions 
where optimum pH is 4-6.2. The physiological function has not been uncovered yet but it 
may be associated with the liquefaction of semen [60–63].  
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Detection of bodily fluids 
Since the naked eye on its own is sometimes insufficient to notice certain stains, the use of an 
ALS aids in this regard. The ALS emits light at a specific wavelength and certain fluids will 
fluoresce or darken when the ALS is shone upon the stain. Forensic scientists can also wear 
coloured goggles to increase the contrast of the fluorescing stain by filtering out a specific 
wavelength of light [4,5]. For the detection of semen, the Wood’s lamp (WL) is used. The 
WL emits a wavelength of light at 360 nm but semen does not fluoresce under this light [4]. 
Semen contains 4-methylumbelliferyl phosphate, which is modified by acid phosphatase 
(AP), and the product fluoresces under ultra-violet light [6]. Using WL to detect semen has a 
low specificity and thus the risk of detecting false positive is likely [4]. However, the purpose 
of an ALS is to help detect the presence of a possible bodily stain, and not to determine its 
identity. 
 
The Polilight® PL500 is a multifunctional ALS and it can be used to detect saliva, blood and 
semen [64]. The PL500 has settings and filters that change the wavelength of the light 
emitted; it can emit light at 415-650 nm as well as white light and ultraviolet [64]. However, 
detection of semen in this manner could give poor results when the stain is on dark or 
different types of fabrics [4,5].  
 
Once a possible bodily fluid has been found, presumptive tests would be performed on the 
stain to elucidate the possible type of stain, as ALS does not inform the forensic scientist of 
the contents of the stain [1,2]. 
 
Presumptive tests 
Presumptive tests are efficient, fairly easy to use and are inexpensive tests to perform on 
stains at the crime scene or in the laboratory [65–67]. A presumptive test is a method to test 
for bodily fluids to determine the possible identity of the fluid by testing for class 
components that are relatively specific to that fluid. Presumptive tests are not considered 
specific enough to indicate unequivocally that a particular stain is a bodily fluid. This 
disadvantage can lead to other fluids, that may contain the class compound tested for, 
yielding a false positive result. Vaginal fluid and saliva, as well as certain food products, have 
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been shown to give a positive reaction when tested for AP using the AP presumptive test [3]. 
This is why confirmatory tests are required to further establish the identity of the stain [65]. 
 
Presumptive testing of semen 
To test for semen, a chemical enzymatic test (acid phosphatase test) or an immunological test 
(PSA and semenogelin test) [8,9] can be used. These tests specifically target the seminal fluid 
component of semen. Therefore these tests are able to detect seminal fluid in men who are 
azoospermic or oligospermic, (have a low sperm count) or have been vasectomised [10,68]. 
The absence of spermatozoa from semen does not hinder the effectiveness of these 
presumptive tests, as AP and PSA are produced in the prostate and Sg is produced in the 
seminal vesicles, which are not effected by vasectomies.  
PSA test 
A presumptive test for semen is the PSA test which is carried out using an enzyme-linked 
immunosorbent assay (ELISA) which uses antibodies specific to PSA [9,28,49,69]. These 
antibodies are situated on a membrane housed in a plastic cassette. The mechanism of the test 
is shown in figure 2. The sample containing PSA (antigen) is added through the application 
port of the cassette which contains the mobile antihuman PSA antibody dye conjugate which 
combines to form the mobile antigen-antibody complex. The mobile complex then migrates 
down the membrane where it is captured by the immobile antihuman PSA antibody. As more 
of the complex is captured by the immobile antibody, the amount of dye increases, which 
leads to a blue stripe being seen on the membrane. As an internal control, unbound mobile 
antihuman PSA antibody is captured by an immobile anti-Ig-antibody (an antibody that binds 
to antibodies)  and this forms another blue stripe further down the membrane [69]. 
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Figure 3: A schematic diagram illustrating the mechanism of the PSA membrane test 
[69]. The circle on the left indicates the sample application port of the cassette. The rectangle 
on the right indicates the viewing port of the cassette  
 
PSA can be found at lower levels in other bodily fluids, most notably female breast milk and 
female urine, but these levels are generally below detection for forensic presumptive test kits 
[28]. This means that the possibility of getting a false positive for PSA from other bodily 
fluids is low. However, there are certain condom brands that have shown to react and produce 
false positive reactions for the PSA presumptive test, especially if the condoms contained 
spermicide [70]. At high concentrations of PSA (greater than 50 mg/mL) certain PSA 
presumptive test kits do not give a positive result; this is called the high-dose Hook effect 
[69,71]. The Hook effect, in this instance, would mean that high concentrations of PSA could 
result in a false negative for that stain or sample when using the PSA testing kit. This could 
mean the exclusion of that stain or sample as evidence, as it did not react even though it 
contained PSA. The manufacturer’s advice to counter this effect is to dilute the possible 
seminal fluid before testing [69]. Diluting the sample could reduce the concentration of the 
PSA to levels below where the hook effect would take place, thereby the reducing the risk for 
a false negative reaction. 
AP test 
The presumptive test for AP has been shown to be an effective screening test to determine the 
presence of semen [11]. The test is based on the reaction shown in figure 3; the AP removes 
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the phosphate group of the substrate, α-naphthyl phosphate, which then becomes α-naphthol. 
The α-naphthol reacts with diazotised ortho-dianisidine (brentamine FB) which results in the 
formation of purple azo dye, over time [12,13].  
 
There are several methods in which the AP test is performed: the indirect method, which is 
routinely used, is when a moistened swab or filter paper is applied to the stain and the swab 
or filter paper is then tested for AP [12,14,15]. Conversely, the direct method directly treats 
the stain on the fabric with an aerosolised solution of the AP test compounds [3]. The direct 
method has shown to be more sensitive at detecting AP in low concentrations of semen, as 
direct application of the AP regent does not involve the dilution or the transfer of the stain. 
The direct method does not seem to affect the subsequent DNA testing of semen stains but 
this method can only be used once per stain [3]. The presence of the brentamine FB reagent 
did not affect the uptake of haematoxylin and eosin staining, during the confirmation analysis 
of spermatozoa [14]. The direct method could be problematic when the stain occurs on dark 
fabric, as the shade of the fabric could mask the possible colour change. 
 
 
Figure 4: The reaction mechanism of the acid phosphatase presumptive test. 
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Other bodily fluids also contain AP such as vaginal secretions and faeces. Presence of these 
fluids could result in a false positive identification of semen [3,16]. Certain plant materials 
have also been shown to give weak positive reactions [3,16,17]. The false positive results 
from non-seminal stains showcases the poor specificity of the AP test, as the false positives 
would give a faint colour change comparable to a dilute semen stain [3,72]. This non-
specificity has led forensic laboratories to put a time limit on the AP reaction.  In the United 
Kingdom and Ireland, the observation of the reaction is recorded after two minutes 
[3,14,18,19], but this cut-off could lead to the exclusion of dilute semen samples as true 
positive results. Direct application of the AP reagents to dilute samples have been shown to 
react within one minute [73]. False positive reactions could also arise as non-semen stains 
could turn positive within a certain amount of time has passed [19].  
 
The Royal Canadian Mounted Police used a cut-off time of 90 seconds, where if a stain turns 
an intense purple within the time it is considered a presumptive positive for semen [74]. The 
South African Police Service Forensic Science Laboratory (SAPS FSL) uses 65 seconds as a 
cut-off time, and if the stain has turned purple within 50 seconds, it is considered positive for 
human semen (Standard Operating Procedure (SOP) of SAPS FSL). Despite the SOP 
currently in use by SAPS FSL, there is no verification, confirmation or research supporting 
this particular cut-off time. The SAPS cut-off time is less than those used in the UK and 
Canada, and using this lower cut-off time may exclude true positives that are older or dilute 
that may not have reacted within the 65 second time period. The UK uses a cut-off time of 
two minutes but has been challenged as researchers have shown that dilute semen could give 
a positive reaction within 10 minutes [18]. Researchers could not find any literature for the 
basis of this 2 minute cut-off time that was employed in the UK [14]. However, increasing 
the cut-off could also increase the potential for the detection of false positives [3]. Therefore 
it is important to have an optimal cut-off time [18,19].  
 
Enzyme kinetics 
The primary function of enzymes is to enhance the rates of reactions [30]. The rate of 
catalysis or velocity of the enzyme is defined as the number of moles of the product formed 
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per second, which is directly proportional to the concentration of the reactants i.e. the enzyme 
and substrate [30,31]. The rate of a given reaction is used to determine the specific reaction 
order for that reaction. The order of the reaction is based on the reactants, particularly the 
amount of molecules of the substrate required to produce one molecule of product [31].  
 
Using figure 4 as an example, the reaction catalysed by AP: α-naphthyl phosphate to α-
naphthol, is a first-order reaction as one molecule of α-naphthyl phosphate is converted into 
α-naphthol. The colour reaction of α-naphthol and brentamine FB to the purple azo dye is a 
second-order reaction in terms of α-naphthol as two molecules of α-naphthol are required to 
make one dye molecule. The reaction is a first order reaction in terms of brentamine FB as 
only one brentamine FB molecule is needed.  
 
The Michaelis-Menten model (Figure 4) states an enzyme E binds to the substrate A to form 
the enzyme-substrate complex EA at a rate constant of k1. The EA complex has two possible 
outcomes, either to dissociate to E and S at a rate constant k-1 or it can proceed to form the 
product P with a rate constant of k2 [32]. This reaction assumes that the product does not 
revert to the initial substrate, therefore making the reaction irreversible [30]. The k2 rate 
constant is also refer to as kcat or turn over number of the enzyme, this is defined as “the 
number of substrate molecules converted into product molecules by an enzyme unit in a 
given unit of time, when the enzyme is fully saturated” [30].  
 
Figure 5: The Michaelis-Menten equation for an irreversible enzymatic reaction. 
 
The kinetics of human prostatic AP was studied by Schønheyder, but his work was carried 
out on unpurified AP. The reaction he was studying used AP to hydrolyse phenyl phosphate 
into phenol, and claimed that this reaction did not fit in the zero or first order kinetics. He 
postulated that, if purified enzyme was used, a better understanding of the kinetics of AP 
would be uncovered [63]. The catalysis of p-nitrophenyl phosphate by AP, was shown 
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however, to deviate from Michaelis-Menten kinetics [75]. The kcat or turn over number of 
human prostatic acid phosphatase was determined to be greater than 500 per second ( i.e. > 
500 molecules of α-naphthyl phosphate was converted to α-naphthol per second) [76]. This 
study also determined the hill coefficient of AP; the Hill co-efficient is the measurement of 
the binding of the substrate to the enzyme. They determined the hill coefficient increased 
with the increase of AP concentration [76].  
 
Studies into the activity of human AP have shown a varied range of enzyme activities [77–
80]. The studies showed a biological variation with the human population with a range of 
mean AP activity per volume of semen as follows: 220 U/mL [77], 250 – 1300 U/mL, 480 
U/mL [78] and an enzyme concentration of 1031 U/L in Miteva et al. (2010). Studies were 
performed on the enzymatic activity of non-human mammalian AP, showed the mean 
enzyme concentration as follows: 24.7 UI for bulls [81], 64.9 UI for rams [82], 680 UI for pig 
[83] and 11.5 for donkeys [80]. 
 
If the reaction of substrate to product results in a colour change of the solution, the amount of 
colour change can be measured using an ultraviolet-visible (UV-Vis) spectrophotometer. The 
colour of the solution is due the absorption of a specific wavelength of light [31]. The 
absorption spectroscopy technique uses this attenuation of light intensity, at a particular 
wavelength, after passing through a solution of an absorbing compound to measure the 
concentration of the particular compound [31]. 
 
UV-Vis spectrophotometry has been suggested as a ‘presumptive test’ for the preliminary 
identification of blood [84], and more recently, saliva [85]. In the case of saliva, the reaction 
was between a commercially available reagent and salivary amylase. A positive reaction was 
indicated by the formation of a yellow colour and therefore, absorbance was measured at 403 
nm [85]. By using a UV-vis spectrophotometer to measure the absorbance of samples at 403 
nm when treated with the saliva identification reagent, it could be possible to discriminate 
between human saliva and other fluids. The UV-vis spectrophotometer is able to scan the 
absorbance spectrum of a colour reaction. This will determine the peak absorbance of the 
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colour of the reaction, thus making this apparatus more sensitive than merely a visual 
confirmation of colour change. 
Reena et al. (2014) showed that there was a difference in the reaction rate (i.e. the time the 
enzyme takes to generate a product) between saliva from different animals as well as 
different bodily fluids, when compared with the rate of human saliva [85]. This suggested 
that reaction kinetics could be a method for the presumptive qualitative differentiation of 
bodily fluid between humans and animals for forensic investigation.  
Currently it is not known if there is any research into the use of UV-vis spectrophotometry to 
aid in the presumptive testing of semen. As previously described, the reaction of α-naphthol 
(the product of seminal AP activity) and brentamine FB (Figure 3) forms the purple azo dye 
which has been shown to absorb at 525 nm [13]. Taking advantage of this colour reaction, 
and if similar methods are derived from Reena et al., (2014) UV-vis spectrophotometry can 
be an advantageous method to presumptively identify semen. 
 
Confirmatory tests 
An important subsequent step to confirm the source of the bodily stain is the use of a 
confirmatory test. For semen stains, this is usually in the form of sperm cytology. Cells are 
extracted from the stain using buffers and the resulting extracted solution, presumably 
containing sperm, is then mounted on a microscopic slide and stained with either 
haematoxylin and eosin or nuclear fast red and picroindigocarmine ‘Christmas tree’ stain 
[20–22]. If a characteristic sperm cell with a tail is observed, then it is confirmed that semen 
is indeed present.  
 
The slides are also scored to determine the number of sperm cells found and if they contain 
tails. The qualitative scoring of the slides is indicative of the frequency of spermatozoa seen 
in the microscopic view and is denoted using symbols: hard to find spermatozoa (+), some 
spermatozoa in the microscopic view, easy to find (++), many or some spermatozoa in most 
views (+++) and many spermatozoa in all views (++++). In addition to scoring with the plus 
symbols, the letter T is used to denote the presence of tails on the spermatozoa seen on the 
slides [14,86]. This is used to determine the approximate time in which the semen stains were 
deposited and to draw time inferences for the crime and/or scene [23].  
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However, assessment of sperm cytology as a confirmatory test was performed by Tobe et al. 
(2015), who demonstrated a lack of consensus on the scores of 37 forensic scientists scoring 
the same slides [24], suggesting that this test is highly subjective. The absence of intact tails 
on the spermatozoa is indicative of a aged stain where spermatozoa has degraded [23]. As 
previously shown in table 1, the tail is one of the discriminating features of the spermatozoa 
between mammals, and if the tail is missing it would be difficult to discern the origin of the 
cell [23,40].  
 
A study using the “Christmas tree” stain has shown to be able to distinguish human 
spermatozoa from other mammals [25]. The “Christmas tree” stain differentially stained the 
head and tails of spermatozoa, allowing for better observation of spermatozoon structure. The 
morphological differences between spermatozoa became more apparent. As seen in table 1, 
morphometric differences between the heads and tails of spermatozoa from different species 
have been previously observed. 
 
Genetic profiling has also been used as a form of confirmatory test for semen [20,26–28]. 
Testing was performed on samples where the presence of sperm cells was confirmed through 
sperm cytology, it was also confirmed that male-specific DNA can be identified from stains 
which are absent of spermatozoa [10,11]. The DNA analysis targets the Y-chromosome, 
specifically the microsatellites on the chromosome. Y-chromosomal DNA can be obtained 
from male epithelial cells (surface skin cells) but these are differentially excluded during the 
tests on semen [26]. However Y-chromosome DNA determination on vasectomized males 
still yield a positive result meaning there are other contributors of the DNA [10]. This means 
that the test for Y-chromosomal DNA is not fluid-specific but rather determines if male DNA 
is present. This is a limitation of this ‘confirmatory test’, as it does not test for semen or any 
fluid at all, but rather male DNA in general, which could be from epithelial cells and not 
semen. Y-chromosome determination is also used in touching offences (sexual assault) and 
this can yield positive results from touch DNA (DNA left by transfer of epithelial cells) [10]. 
Y-chromosome DNA analysis has been used however, in the determination of identity in 
nonsexual offences [87]. 
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There are a few commercial kits that are optimised to identify stains made by bodily fluids. 
The Rapid Identification of Stains (RSID™) (Independent Forensics, Illinois, USA) 
manufacture kits that test for urine, blood, saliva and semen. These tests use antibodies to 
fluid-specific antigens [88]. The RSID-Semen kit determines the present of Sg in the possible 
semen stain. This test is an ELISA membrane test which has been shown to be more sensitive 
than the test for PSA [28]. The test kit for Sg showed species-specific reactions with human 
semen when tested against semen from other mammals. showing a limit of detection at 2.5 
nL of semen [9,28]. The RSID-Semen kit has been validated for forensic use [9,89].  
There are several other commercially available kits that detect human PSA: ABAcard® PSA 
test (Abacus Diagnostics California, USA), SERATEC® PSA Semiquant and SMITEST PSA 
card (Seratec, Göttengin, Germany). These kits also make use of antibodies that react with 
PSA. Validation studies of the ABAcard PSA showed semen specificity when tested against 
other human bodily fluids but was unable to detect semen in post coital vaginal swabs after 
24 hours after sex [74]. Laffan et al, (2011) showed that the SERATEC® PSA test kit had a 
3% rate of false positive results [28]. The limit of detection for PSA using the SERATEC kit 
was shown to be a concentration of 200 ng/mL of semen [28].  
 
A validation study on the commercial PSA detection kits determined that PSA was still 
detectable when the sample was subjected to temperature from 80 °C to 140 °C for one hour 
[90]. The SMITEST PSA kit was able to detect semen in a sample was diluted 1 in 10000 
[90]. A comparison study of the ABAcard p30 (PSA) kit and the RSID™-Semen kits showed 
that the RSID™-semen kit was unable to detect semen in post-coital vaginal swabs after 12 
hour post sex whereas the ABAcard p30 (PSA) kit could detect semen at 33 hour after sex 
[68]. 
 
Emerging techniques 
The confirmatory identification of fluids is moving to molecular-based testing using RNA, 
DNA and epigenetics as biomarkers for differentiation [1,91–94]. Messenger RNA (mRNA) 
has been shown to be a biomarker which can distinguish between different bodily fluids and 
has been used in a proposed multiplex real-time PCR assay to profile bodily fluids [95,96]. 
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The amount of DNA is relatively constant in cells, but the levels of mRNA vary due to tissue-
specific gene expression. This means that different bodily fluids would have different levels 
of mRNA production which could be used as a profile, or fluid-specific mRNA transcripts 
could be used to discern between the different bodily fluids. 
 
MicroRNAs (20 – 25 nucleotide in length), which are non-coding RNA molecules, have also 
been shown to be suitable biomarkers in identifying bodily fluids. MicroRNAs were shown to 
be fluid specific and have been shown to remain intact over time [97,98], making them ideal 
for forensic determination of bodily fluids. A study reported nine microRNAs as possible 
viable biomarkers, as they are variable enough between bodily fluids to identify specific 
fluids, and are able to detect the fluid type using a minimum of 50 pg of DNA [99]. A study 
by van der Meer et al. (2013) has shown that it is possible to include microRNA analysis of 
bodily fluid in the standard forensic DNA profile analysis with minimal modifications [93]. 
The forensic scientists showed the simultaneous extraction and analysis of microRNAs and 
DNA was possible, which results in a single electropherogram where the DNA profile 
generated from the bodily fluid and the identification of the bodily fluids can be obtained [93] 
In general, RNA molecules are highly stable molecules and validation of these RNA-based 
methods showed that both mRNA and microRNA are capable of being amplified after being 
exposed to room temperature for more than a year [97,100]. Investigations into the outdoor 
exposure of stains indicated that tissue specific mRNAs were detectable at 180 days but if the 
stains were exposed to precipitation the time frame shortens to only a few days [100]. There 
is also the potential to use the constant degradation rate of mRNA transcripts to determine the 
age of stains [101,102].  
 
The analysis of the epigenome (chemical changes which occur on the genome) indicated that 
DNA methylation carries tissue specific traits and this can aid in the identification of bodily 
fluids [103,104]. DNA methylation occurs on different loci of the genome and 15 of such loci 
have been proposed to differentiate between different bodily fluids and skin epidermis [103]. 
As little as one nanogram of DNA can be used to identify the fluid; this is advantageous 
when the sample size in forensic cases can be minute [91,103]. Preliminary investigations 
into application of the DNA methylation analysis has shown it is compatible with the current 
forensic DNA profile assay [103]. 
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These alternative techniques have the capability to be more effective than the current assays 
with regard to the identification of bodily fluids. They have be shown to be sensitive and 
specific. Their prospective inclusion into the current DNA profile assay is gainful as samples 
need not undergo additional presumptive or confirmatory testing. Although this emerging 
techniques show promise, they are not currently being used in forensic analysis as they have 
not been validated and integrated into current commercial forensic assay available.  
 
Conclusion 
Semen is one of the most abundant bodily fluids encountered in sexual assault cases. Semen 
is made up of spermatozoa and seminal fluid, where the latter includes several components, 
namely PSA, Sg and AP. These components, as well as spermatozoa, are forensically 
important as they are targets for the presumptive and confirmatory identification of semen. Of 
particular interest is AP which is an enzyme found in high concentration in semen. The 
presumptive forensic test for semen exploits the AP enzymatic capability by using a reagent 
that, when altered by AP, changes colour. Different forensic laboratories around the world 
use different cut-off times to exclude possible false positives. In South Africa the cut-off is 65 
seconds and additionally, semen is presumed to be from human origin if it reacts within 50 
seconds; however it is unclear what research has been performed, if any, to substantiate the 
use of these cut-off values in South Africa. 
The varied, and somewhat arbitrary, cut-off times for the AP reaction advocates a more 
objective measurement of a visual colour change, and spectrophotometry could be one 
consideration. UV-Vis spectroscopy can objectively measure a change in colour and the time 
of the reaction to generate the reaction rate, or kinetics, of the reaction. This could be a more 
accurate method than merely a visual detection and manual timing of a colour change. The 
activity of AP has been shown to vary between mammals and the reaction rate of the enzyme 
perhaps could be used to differentiate between specimens; however, this has not yet been 
studied for AP.  
Another method that could be used to differentiate been human and animal samples is the use 
of confirmatory tests for semen (microscopy), where studies have reported morphological 
differences between the spermatozoa of different mammals.  
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The immunological tests for semen are have been shown to be more sensitive and specific, 
than the enzymatic tests. However, different brands of these tests have shown varied degrees 
of sensitivity. The emerging molecular techniques being developed for fluid identification has 
the potential to be the most sensitive methods. Studies showing the compatibility of the 
molecular with the DNA profile assays indicate moving toward a more comprehensive and 
inclusive method. This would involve less of the evidentiary samples being consumed for 
identification purposes. Investigations into the permanence of microRNAs in old stains 
alludes to the probable benefit to help solving cold cases. 
The identification of bodily fluids is vital to understanding the sequence of events that led up 
to the crime, and to the possible identification of the perpetrator. Advancements and 
additional techniques can enhance the information gleam from evidentiary stains and bodily 
fluids. Although these innovative techniques have not been validated for forensics yet, they 
their inclusion into the forensic field will improve the quality of information obtained from 
bodily fluids. 
 
43 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Part C. Publication- ready Manuscript 
  
44 
 
Investigation into presumptive and confirmatory testing of semen for use in forensic 
science 
Abstract 
The identification of bodily fluids for forensic purposes is typically classified as either 
presumptive or confirmatory. Presumptive tests (PT) are conducted first to screen for certain 
compounds which are relatively specific to particular fluids. Confirmatory tests are used to 
confirm the identity of a body fluid. Semen is one of the most common bodily fluids 
encountered in sexual assault cases and contains high concentrations of the acid phosphatase 
(AP) enzyme. The brentamine FB reagent reacts with the AP that is present in semen, and 
turns purple. If the colour change is observed within a specific time threshold, it is considered 
presumptively positive for semen. Cut-off time varies considerably between forensic 
laboratories, but in South Africa, the cut-off time is defined as 65 seconds. Additionally, 
semen may be considered to be from human origin if it reacts within 50 seconds. These cut-
off times have been arbitrarily defined, and there is little research in a local context to 
substantiate or inform the threshold time for the brentamine FB test for semen. Therefore this 
study assessed the sensitivity, specificity and kinetics of the brentamine FB test on semen 
from South African male volunteers (n=15), canines (n=2) and various fruit extracts and 
compared these results to purified human AP. Each semen sample was subjected to the PT in 
an indirect and direct method, and these tests were performed both on fresh and aged 
samples. The majority of fruit extracts yielded a distinctly different colour change compared 
to the purple that was produced from semen except for mushroom which also turned purple. 
Absorbance spectroscopy was used to determine the rate of the reaction at 525 nm. There 
were no significant differences between the rate of reaction for fresh and aged samples using 
both direct and indirect testing. All undiluted specimens (human, canine and fruit extracts) 
reached saturation within 50 seconds, which highlights the need to redefine the cut-off times 
for the brentamine FB test for semen. Furthermore, this study demonstrates the potential 
utility of absorbance spectroscopy as a novel method for presumptive testing of semen and 
may have implications for methodology used in forensic laboratories. The confirmatory test 
for semen typically conducted examines sperm cytology by haematoxylin and eosin staining, 
which we performed on semen stains from human and canine samples. Morphometric 
differences in spermatozoa head shape were observed. Thus, although the brentamine FB test 
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could not discern between human and canine samples, sperm cytology as well as absorbance 
spectroscopy both hold potential for species differentiation between human and canines. 
Keywords: acid phosphatase, brentamine FB, UV-Vis spectroscopy, sperm cytology, canine, 
semen, kinetics 
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1 Introduction 
In cases of sexual assault, the location and identification of semen is essential in the 
forensic examination. The water soluble enzyme, acid phosphatase (AP), is produced in the 
testes and found in high concentrations in the semen of mammals [1,3,42]. The presumptive 
test for semen, namely Brentamine Fast Blue (FB) reagent, tests for AP in possible stains. 
Such presumptive tests make use of a chemical reagent that changes colour in the presence of 
AP [8,105]. This reagent consists of brentamine FB and α-naphthyl phosphate  [12]. The AP 
in semen hydrolyses the phosphate group on α-naphthyl phosphate converting it to α-
naphthol. The α-naphthol then binds to the brentamine FB which results in the formation of a 
purple azo-dye [12]. This colour reaction develops over time; if the colour reaction is 
observed within a specific threshold time, the stain is considered presumptively positive for 
semen. [3,12].  
 Presumptive tests for semen are quick and easy to perform at the crime scene or in the 
laboratory [65–67]. The test for AP, however, is not specific for semen, as there are other 
substances that contain AP and can thus generate a ‘false’ colour change [3,17,72,105]. The 
non-specificity of the brentamine FB test has prompted forensic laboratories to use a cut-off 
time for the reaction. Specifically, if the stain develops a colour change within a certain 
period of time after application of the reagent, it is considered presumptively positive for 
semen [19,73,74]. However, this time varies according to region. In Spain, the United 
Kingdom, Canada, India and South Africa, a cut-off time of 300, 120, 90, 60 and 65 seconds 
are used, respectively [12–15, South African Police Services Forensic Science Laboratory 
Standard Operating Procedure]. Additionally, during a court case in South Africa, a forensic 
scientist testified that the presumptive test for semen yielded a positive result in 50 seconds, 
and therefore the semen stain was considered to be from human origin. The transcript of this 
case was not available for review, but the testimony nevertheless posed a complication going 
forward, in that it was suggested a presumptive test can be used to differentiate between 
human and animal semen.  
Enzymatic activity is defined as the rate or velocity of an enzyme, which is the 
amount of the particular product formed per second. Research into the enzymatic activity of 
AP from semen has shown that human AP has an activity range of 250 – 1300 U/mL of 
semen [77,78,80].  Of note, investigations into the activities of animal AP in semen has 
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shown that the enzymatic activity was relatively lower than that of humans; 24.7 UI for bulls 
[81], 64.9 UI for rams [82], 680 UI for pig [83] 11.5 UI for donkeys [80] and 1820.3 U/L for 
dogs [106]. Therefore, if animal semen were to be tested using the presumptive brentamine 
FB test, the reaction may take longer compared to semen from humans. If the animal semen 
stains were to develop after the cut-off time, the animal samples would then be considered 
negative.  
Non-semen substances (e.g. tea and fruit extracts) and other bodily fluids (e.g. vaginal 
fluid) have also been reported to react positively with the brentamine FB test, albeit some 
exhibited a different colour change and took a relatively longer time to develop a colour 
change [3,17]. However, the brentamine FB test may have large variations in specificity and 
sensitivity given there is no consensus on cut-off times The existing cut-off times have not 
been rigorously tested, with only a few studies reported, which have challenged the 
established cut-off times in certain countries [14,18,19]. Such limitations of the presumptive 
test for semen highlight the need for an improvement of the current presumptive test method, 
particularly in South Africa, or perhaps (re)defining and implementing better training 
programmes with regards to the interpretation of positive reactions within certain cut-off 
times in a South African context. 
Ultraviolet-visible (UV-vis) spectrophotometry is a technique which can measure the 
intensity of colour reaction at a specific wavelength of light, and uses this to calculate the 
concentration of the product being generated [31]. Spectrophotometry may be used in the 
detection of bodily fluids. Indeed, UV-vis spectrophotometry has previously been used to 
determine the presence of blood [84]. In the case of the brentamine FB test, the product is the 
purple azo dye which can be measured at a wavelength 525 nm [13].  
 A confirmatory tests for semen is the microscopic determination of the presence of 
spermatozoa. Slides are differentially stained with haematoxylin and eosin or nuclear fast red 
and picroindigocarmine (Christmas tree stain) and are scored according the amount of 
spermatozoa seen and the presence of tails [20–23,86]. The presence of intact, attached tails 
has been reported as an indicator of time since deposition of semen [86]. Boward et al. (2015) 
showed that the ‘Christmas tree stain’ can be used to distinguish between the spermatozoa of 
different mammals [25], as morphological differences were observed. These included  the 
length of the cell and the shape of the sperm head which can be used in morphometric 
analysis [40].  
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 Here, we investigated the sensitivity, specificity and reaction kinetics of the 
brentamine FB test in a South African context, in order to assess the existing cut-off time of 
65 seconds. We also assessed the 50 seconds cut-off time to distinguish between human and 
canine semen stains. The use of UV-Vis spectrophotometry and enzyme kinetics in 
presumptively identifying semen was investigated and the method of haematoxylin and eosin 
staining of spermatozoa of human and a non-human mammal in order to discern 
morphological differences was evaluated 
 
2 Materials and methods 
2.1 Samples 
2.1.1 Human 
Participants gave informed consent and the study received ethics approval by the 
University of Cape Town, Faculty of Health Science, Human Research Ethics Committee 
(HREC 502/2015). Participants were approached and given information, and the donation 
schedule was planned which was suitable to them. The participants were asked to abstain 
from any ejaculations for 36 hours before donations and to donate in the mornings.  Two 
samples were then self-collected by the volunteer into 50 mL sterile tubes, the second sample 
was donated two weeks after the first. In total, semen samples (approximately 5 mL) were 
obtained from fifteen unrelated male adult volunteers.  
2.1.2 Non-human 
Semen samples were obtained from two separate, unrelated male canines. One donation 
from each canine was obtained. 
 Extracts were made from different food produce, this includes: mushroom, red and 
white grapes, apple, and tea (i.e. Rooibos and Ceylon tea). Samples were extracted from the 
produce using a cold press technique, where the produce was squeezed and the liquid was 
collected. The tea samples were made as follows: one tea bag was place in 180 mL of boiling 
water and allowed to brew for 3 minutes. The tea bag was then removed and the tea was 
allowed to cool. 
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2.2 Preparation of the brentamine FB reagent 
 The brentamine FB reagent was prepared by combining 2 stock solutions (solution A 
and solution B). Solution A was prepared by dissolving 2 g of sodium acetate and 0.1 g of o-
Dianisidine (Sigma-Aldrich, Germany) in 10 mL of deionised water and 1 mL of glacial 
acetic acid. Solution B was prepared by dissolving 0.4 g of sodium α-naphthyl phosphate 
(Sigma-Aldrich, Germany) in 5 mL of deionised water.  
The brentamine FB reagent was prepared by combining 5 mL of solution A, 0.5 mL 
of solution B and 44.5 mL of deionised water. Solution A and the AP reagent were made 
fresh on each day of testing.  
 
2.3 Sensitivity 
 A series of  dilutions (1 in 4, 1 in 10, 1 in 40, 1 in 100, 1 in 400, 1 in 1000, 1 in 2000 
and 1 in 4000) were prepared from fresh semen samples using deionised water. The semen 
dilutions were mixed using a vortex. A volume of 200 µL of each dilution, as well as neat 
semen, was seeded onto separate sections (7 cm x 7 cm) of white poly-cotton fabric, in 
duplicate. The fabric was allowed to air-dry for one hour then packaged in plastic re-sealable 
bags. The first semen donation were left at 22 ºC for two weeks until the second donation was 
made. The second donation was diluted as seeded on to fabric and air dried as explained 
previously. The first donation (aged specimens) was then tested (as described in 2.3.1 and 
2.3.2) simultaneously with the second donation (fresh specimens), on the day the second 
donation was made.  
A series of dilutions of purified human acid phosphatase (Merck, Germany) (600 
U/mL, 300 U/mL, 100 U/mL, 50 U/mL, 20 U/mL, 10 U/mL, 5 U/mL and 2.5 U/mL) were 
prepared in deionised water. These dilutions were seeded onto poly-cotton fabric as described 
above and allowed to air-dry at room temperature for one hour.  
 
2.3.1 Press method and indirect testing 
Before direct testing was performed Whatman Grade 1 filter paper circles (Whatman, 
UK) were moistened with 200 µL of deionised water, and were place on top of the seeded 
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fabric. Constant pressure was then applied over the filter paper for five seconds. The filter 
paper was then treated with the brentamine FB reagent and the reaction was timed, in seconds 
(s), until a colour change was observed. 
 
2.3.2 Direct testing 
A volume of 50 µL of the brentamine FB reagent was applied to the side of the fabric 
containing the semen or purified human AP, and the time for a purple colour to be observed 
on the fabric was recorded. If there was no reaction after 10 minutes after treating with 
brentamine FB, the specimen was considered negative. 
 
2.4 Specificity 
A series of dilutions were prepared, as described in section 2.3, of the canine samples in 
duplicate for each donation, as there was only one donation made by each canine. The canine 
samples were then processed in the same manner as the human samples (2.3.1 and 2.3.2). 
A series of dilutions (neat and 1 in 2) were made of the food extracts, and processed as 
the human samples (2.3.1 and 2.3.2), but in triplicate. The colour change after AP reagent 
treatment of the food extracts was compared to the colour change of fresh undiluted human 
semen (positive control) and water (negative control). 
 
2.5 UV-vis spectrophotometry 
2.5.1 Semen specimens 
A series of dilutions (1 in 100, 1 in 200, 1 in 300, 1 in 400, 1 in 500, 1 in 600, 1 in 800 
and 1 in 1000) were made using fresh semen samples and samples that were left at room 
temperature for 2 weeks (aged). 
 
2.5.2 Purified AP and food extracts 
A series of dilutions of purified human acid phosphatase (Merck, Germany) (10 
U/mL, 5 U/mL, 2.5 U/mL, 1 U/mL, 0.5 U/mL, 0.25 U/mL, 0.125 U/mL and 0.0625 U/mL) 
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were prepared in deionised water. Dilutions (1 in 10, 1 in 20, 1 in 50, 1 in 80) of the food 
extracts mentioned in section 2.4 were prepared in deionised water. 
2.5.3 Reaction rates 
 A volume of 800 µL of the sample dilution was placed into a 2 mL plastic cuvette. 
The cuvette was then placed in a Shimadzu UV1800 (Shimadzu, Japan) spectrophotometer 
and 200 µL of the AP reagent was added. The UVProbe 2.3.3 software (Shimadzu, Japan) 
was used to acquire the absorbance of the reaction at 1 second intervals, at a wavelength of 
525 nm for two minutes. 
   
2.5.4 Reaction rate calculations 
The acquired absorbance reading for each sample was exported to Microsoft Excel 
(Microsoft, USA) where the data was plotted as a line graph. The best-fit trend-line was 
establish for the exponential phase of the reaction and the slope (m) of the trend-line equation 
(y = mx + c) was taken as the rate of the reaction. 
 
2.5.5 Absorbance Spectrum 
The absorbance spectrum of sample reacting with brentamine FB was determined. The 
Shimadzu UV1800 (Shimadzu, Japan) spectrophotometer was set to spectrum mode and the 1 
in 200 dilution factor for the semen and the neat food extract specimens were used. A volume 
of 800 µL of the sample was placed into a 2 mL plastic cuvette. The cuvette was then placed 
into the spectrophotometer and 200 µL of the AP reagent was added. The reaction was 
allowed to develop for 5 seconds, using the UVProbe 2.3.3 software (Shimadzu, Japan) an 
absorbance reading was then acquired at every wavelength of light between 450 – 700 nm for 
each specimen. 
 
2.6 Statistics 
The number of biological repeats (n=15) was the maximum number of samples that 
could be analysed within the scope and timeframe of the study. The analysis of these samples 
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was anticipated to give a general idea of the biological variance of enzyme activity of AP. 
This would help us estimate the ideal cut-off. 
The non-parametric Wilcoxon matched pair statistical test was performed on the 
reaction time determined in 2.3 and 2.4, and the reaction rates determined in 2.5.4 using 
Prism 5 (Graphpad, USA). This statistical test was chosen as the sample size was small (n = 
15) and the data was not normally distributed. A p-value of less than 0.05 was considered 
statistically significant. 
 
2.7 Spermatozoa extraction and staining 
Sections (1cm x 1cm) were cut from the middle of the stain in the fabric. Each section 
was place in a 1.5 ml tube and submerged in 400 µL of deionised water. The section was 
manually agitated for ten seconds using forceps and then vortexed for five seconds. The 
section was then squeezed using forceps and the section was discarded. The tube was 
centrifuged for one minute at 13,000 g. The supernatant was discarded and the pellet was re-
suspended in 20 µL of deionised water. A volume of 5 µL of the extract was mounted onto a 
Histobond® slide (Marienfield, Germany) and allowed to dry. The slides were placed in a 
Tissud-Tek® Prisma Automated Slide Stainer (Sakura, Japan) and stained using 
haematoxylin and eosin. The slides were subsequently moved to a Tissude-Tek® Glas™ 
Coverslipper and mounted with coverslips before being examined under a microscope. All 
slides were examined under 400x magnification using a Leica DM500 compound microscope 
(Leica Microsystems, Swizterland) mounted with a camera.  
The qualitative scoring of the slides was carried out by evaluating the frequency of 
spermatozoa seen in the microscopic view, as follows: no spermatozoa (0), hard to find 
spermatozoa (+), some spermatozoa in the microscopic view, easy to find (++), many or 
some spermatozoa in most views (+++) and many spermatozoa in all views (++++) [23]. The 
median score for each dilution factor was determined. The number of observed slides where 
tails were attached to sperm heads was tallied. Photographs were taken and processed using 
Leica Application Suite LAS EZ version 3 software (Leica Microsystems, Swizterland). Four 
spermatozoa heads were chosen at random from neat, fresh human and canine semen 
extractions, and the mean spermatozoa morphometric parameters were determined. Statistical 
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testing was performed using Prism 5 (Graphpad, USA). Non-parametric Mann Whitney test 
were used and a p-value of less than 0.05 was considered significant.  
 
3 Results 
3.1 Sensitivity 
By studying the time taken for the specimens to react different testing methods, we can 
infer that direct testing is the more sensitive method. Figure 1 illustrates that the direct 
application of the brentamine FB test was more sensitive than the indirect test for human 
semen. There were statistically significant differences between direct and indirect testing for 
fresh specimens. Specifically, direct testing reacted faster than indirect for neat (p=0.0011), 1 
in 4(p=0.0011), 1 in 10 (p=0.0011) and 1 in 40 (p=0.0156; Figure S1). This was also seen 
when testing direct and indirect reactions for aged samples, with the neat, 1 in 4 and 1 in 10 
dilution factor having a p-value of 0.0007 and 1 in 40 having a p-value of 0.0091 (Figure S1). 
There was no significant difference found for the 1 in 100 dilution for either fresh or aged 
specimens (Table S1). 
Figure 1A-D shows an increasing trend in reaction time as the dilution factor of semen 
increases, for both direct and indirect testing. The mean reaction times for neat specimens for 
both fresh and aged semen stains when tested either directly or indirectly, was less than 10 
seconds (fresh direct = 2 ± 0.98 seconds (s); indirect = 8.14 ± 5.30 s and aged direct = 2.5 ± 
1.35 s; indirect = 6.93 ± 1.98 s) (Table S1). There was no statistically significant difference 
between fresh and aged semen samples at any dilution factor, for both direct and indirect 
tests. Figure 1B, D and F show a loss of sensitivity, i.e. there was no positive reaction within 
10 minutes. For indirect testing, the 1 in 100 dilution factor for the fresh specimens had mean 
reaction time of 214.33 ± 55.82 s and 238±87.68 s for aged specimens (Table S1). Whereas 
for direct testing, positive reactions were detected for fresh (n = 3) and aged (n = 2) 
specimens at 1 in 4000 dilution factor, with a mean reaction time of 240 ± 120.7 s and 355 ± 
77.78, respectively (Figure 1E, Table S1). Fresh specimens from one participant did not react 
at any concentration when tested indirectly (Figure 1F). 
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Figure 1: The direct and indirect testing of human semen stained onto fabric using the 
brentamine FB test (n = 15). A (direct) and B (indirect), show the reaction times of fresh 
semen stains (blue dots) and the paired aged semen stain (red dot) for each dilution factor of 
semen sample for each participant. A and B, only the samples which reacted positively were 
plotted. Statistical comparisons were performed using a non-parametric Wilcoxon paired test. 
C (direct) and D (indirect) illustrate the mean reaction times for each dilutions factor for fresh 
(blue line) and aged (red line) semen stains. The bar graphs E (direct) and F (indirect) show 
the number of non-reactive tests for each dilution of fresh (blue bars) and aged (red bars) 
semen stains. 
 
Direct testing was performed on decreasing concentrations of purified human AP to 
determine the limit of detection of the brentamine test, as well as a quantitative comparison to 
semen. The reaction time for purified AP increased as the concentration of enzyme decreased 
(Figure 2). Enzyme at a concentration of 600 U/mL reacted positively in 5 s, which is 
comparable to the reaction time of the 1 in 4 dilution of directly tested fresh or aged 
specimens (Table S1). There was no positive reaction for purified AP at an enzyme 
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concentration of 2.5 U/mL when directly tested. The concentration of 5 U/mL was considered 
the limit of detection and the reaction time was recorded as 177 s. This was similar to the 
reaction times of the 1 in 1000 and 1 in 2000 dilution factors for the aged and fresh directly 
tested specimens (Table S1).  
 
Figure 2: Reaction time of purified human AP when testing directly using the 
brentamine FB test. 
 
3.2 Specificity 
As previously seen with human semen, canine semen exhibited an increase in reaction 
time for both direct and indirect testing as the dilution factor increased (Figure 3). There was 
also a loss in sensitivity after the 1 in 10 and 1 in 40 dilution factor for aged and fresh canine 
specimens, respectively, when tested directly (Figure 3A and C). The fresh and aged neat 
semen specimens reacted positively at 18.50 ± 2.12 s and 69 ± 38.18 s, respectively (Table 
S1), which was slower than the directly tested neat human specimens (Table S1). The 
reaction time for the fresh, 1 in 40 dilution factor canine specimen was 210 s, which was also 
slower compared to the same dilution factor for the human specimens. Furthermore, the aged, 
1 in 10 diluted canine specimens reacted at 239.5 ± 113.84 s (Table S1).  
The indirect testing of canine semen showed loss of sensitivity at the 1 in 10 dilution 
factor for the fresh specimens but for aged specimens only the neat semen gave a positive 
reaction (Figure 3B and D). The reaction time for the neat, fresh specimens was 36 ± 8.49 s, 
which was in fact comparable to the 1 in 4 dilution factor for indirectly tested fresh human 
semen specimens. The neat, aged canine specimens reacted in 240 ± 42.43 s which was 
similar to the 1 in 100 dilution of the human specimens. Thus, these results demonstrate that 
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canine semen specimens do give a positive colour change but react considerably slower than 
human specimens at the same dilutions and conditions. 
 
 
Figure 3: The direct (A and C) and indirect (B and D) testing of canine semen using the 
brentamine FB test (n = 2). A (direct) and B (indirect), show the reaction times of fresh 
semen stains (blue triangles) and the paired aged semen stain (red triangles) for each dilution 
factor of semen sample for each specimen. C (direct) and D (indirect) illustrate the mean 
reaction times for each dilution of fresh (blue line) and aged (red line) semen stains. 
 
The reaction times for the non-semen samples was then investigated. Figure 4 shows 
the reaction times for the food extracts. Ceylon tea reacted the quickest, (within 2 s) while 
Rooibos tea reacted relatively slower 40.67 ± 4.51 s. The reaction time for the rest of the neat 
food extracts was less than 50 s, which is also within the cut-off time for semen (Figure 5; 
Table S1), thus these specimens reacted within the cut-off for human semen. The direct and 
indirect testing of aged canine semen and the purified AP enzyme concentration of 20 U/mL 
reacted positively after 65 seconds (Figure 5).  
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Figure 4 The reaction times of fabric stained with food extracts using the brentamine 
FB test directly (n=3): mushroom (blue), Rooibos tea (orange), Ceylon tea (grey), red grape 
(yellow), white grape (purple) and apple (green) when tested using the brentamine FB 
reagent. 
 
 
Figure 5: The reaction times for dilutions of purified AP and neat stains for each 
specimen using the brentamine FB test. The red line indicates the 65 second cut-off time 
for presumptive positive identification of semen. 
 
3.3 UV-vis Spectrophotometry 
3.3.1 Reaction rates 
The reaction rates for all specimens decreased with increasing dilution factor (Figure 
6). The reaction rates of human aged and fresh semen were statistically different at 1 in 100 
(p = 0.0302) and 1 in 200 (p = 0.0256) dilution factors, whereas there were no differences for 
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the lower dilution factors (1 in 300 to 1 in 1000) (Figure S2). The mean reaction rates for 
human aged and fresh 1 in 100 diluted specimens was 0.2454 ± 0.1337 Abs/s and 0.1926 ± 
0.0733 Abs/s, respectively (Table S2). The canine aged and fresh specimens for the same 
dilution factor had mean reaction times of 0.0144 ± 0.0039 Abs/s and 0.0162 ± 0.0057 Abs/s, 
respectively (Table S2). The reaction rate of 10 U/ml of purified AP was 0.2288 Abs/s. At a 
mean reaction rate of 0.1807 Abs/s, the rate of reaction of Ceylon tea was higher than the 
other food extracts (Table S2). Thus, human semen, purified AP and the higher dilutions of 
Ceylon tea have relatively higher reaction rates compared to other specimens tested (Figure 
6). 
 
 
Figure 6: The curves of the reaction rates of AP reactions for different specimens using 
the brentamine FB test: fresh (blue circles) and aged (red circles) human semen, fresh (blue 
triangles) and aged (red triangles) canine semen, purified AP enzyme (green circles) and food 
extracts (diamonds): mushroom (light blue), Rooibos tea (orange), Ceylon tea (grey), red 
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grape (yellow), white grape (blue) and apple (green). The composite graph is not drawn to 
scale on the x-axis. 
 
3.3.2 Absorbance spectrum 
The absorbance spectrum for each specimen after brentamine FB testing was 
determine using UV-vis spectrophotometry. Table 2 shows the final colour, peak wavelength 
and absorbance for specimens. Water was used as a negative control and undiluted fresh 
human semen was used as the positive control. Of note, mushroom extract was the only non-
semen extract with the same peak wavelength as semen, which is 513 nm, when reacting to 
brentamine FB. This was also observed when mushroom extract stains were directly test with 
brentamine FB (Figure S2A). The mushroom stain gave a purple colour, similar to the 
presumptive positive colour change for semen. The absorbance spectra for mushroom and 
semen have similar profiles (Figure S2B). Although the other food extracts react with 
brentamine FB, they do not develop the presumptive purple colour. (Table 2 and Figure 
S2A).  
 
Table 2: The final colour, peak wavelength and absorbance measure for each specimen 
 
3.4 Sperm Cytology 
Slides mounted with extractions from neat, fresh and aged semen stains showed the 
highest median cytological scores with ++++ and +++, respectively. The extractions from 
neat samples also had the highest frequency of slides positive for spermatozoa (fresh: n = 12 
and aged: n = 13) (Figure 7A). Both the cytological score and the number of spermatozoa 
positive slides decreased with the increasing dilution factor (Figure 7A). Despite having four 
60 
 
and six slides positive for spermatozoa from the 1 in 40 diluted fresh and aged semen stains, 
respectively, the overall median cytological score was zero. This is also seen for the 1 in 1000 
dilution where there two spermatozoa positive slide for the fresh samples and five for the 
aged samples but there is a median cytological score of zero. As expected, the number of 
slides positive for sperm tails was the highest in the extractions from neat fresh semen stains 
(n = 11; Figure 7B). Tails were observed in the aged specimens but less frequently compared 
to the fresh specimens (Figure 7B). Intact tails were observed in the 1 in 100 dilution for 
fresh specimens, but none were seen in the aged specimens for the same dilution factor 
(Figure 7B). 
 
Figure 7 The median cytological score of the slides (A) and the number of slides positive 
for tails (B) for each dilution of fresh (blue) and aged (red) semen extracted from fabric 
(n = 13). In A the numbers appearing above each bar represent the number of slides which 
showed any presence spermatozoa. 
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Figure 8 shows spermatozoa extracted from fabric stained with human or canine semen. 
The haematoxylin staining of the canine sperm was more diffuse across the head, whereas for 
the human sperm there was a more intense haematoxylin staining from the middle to the 
posterior of the spermatozoon head (Figure 8 red arrow). The head of canine spermatozoon, 
which measured 7.68 ± 0.29 μm in length and 5.08 ± 0.31 μm in width, was larger than the 
human spermatozoon head which measured 5.28 ± 0.43 μm and 4.02 ± 0.31 μm, in length 
and width respectively (Table S3). There were statistically significant (p = 0.0286) 
differences between the lengths and widths of the human and canine sperm head (data not 
shown). Extractions were previously done on semen stains that had been directly stained with 
brentamine FB resulting in some interference on the slide making it was difficult to 
distinguish any intact tails attached to the spermatozoa (Figure S5). The morphological 
differences can be seen between spermatozoa extracted from semen stains from different 
species of mammal when using haematoxylin and eosin histological staining. 
 
 
Figure 8: Haematoxylin and eosin stained spermatozoa extracted from fabric seeded 
with human semen and fabric with canine semen, with scale bar indicated. The red 
arrow indicates the intensity of the haematoxylin staining of the spermatozoon head. 
 
4 Discussion 
After testing the sensitivity of the brentamine FB test on human semen, the direct 
method appeared to be the more sensitive for detecting semen in both fresh and aged samples, 
with positive reactions occurring at the 1 in 4000 dilution factor. This is not surprising as 
there is the stain does not get diluted when using the indirect method [3]. However, the 
reaction times for the more dilute samples fell outside the cut-off for a presumptive positive 
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result (reaction time of less than 65 s), indicating that the stain would have been recorded as 
negative for semen. If we define sensitivity as the lowest dilution which reacts within the cut-
off time, then 1 in 100 dilution is more suitable measure of sensitivity, as it is the most dilute 
specimen which reacts within this time. The more common indirect method was able to 
detect semen up to a dilution factor of 1 in 100 but the 1 in 10 dilution factor was the limit of 
detection for a presumptive positive using this method of testing.  
Studies into the sensitivity of AP testing have shown varied results. In Spain the cut-off 
for presumptive positive for AP is 5 minutes and a study showed that their test was able to 
detect AP in the a dilution of 1 in 25,000 of fresh semen from a control subject [10]. 
However, their methodology, which was not described, may have differed from the method 
used in this study. Studies in the UK, used the direct and indirect methods of testing and 
demonstrated the potential to increase their cut-off time of 2 minutes, allowing the inclusion 
of diluted semen stains [3,18,19]. These results show that it was possible to obtain a positive 
reaction for a 1 in 1000 dilution of semen as late as 10 minutes using the direct method, but 
for indirect testing, a dilution of 1 in 400 took 16 minutes to react [18]. There is evidence that 
the indirect method may give a positive reaction for the 1 in 40 dilution within a 2 minute 
cut-off [19]. Furthermore, research into different dispensing techniques of the direct method 
described a positive reaction for 1 in 3000 dilution within 29 seconds when testing cotton 
fabric [3].  
Of note, this study reveals that both canine semen and certain food extracts reacted 
positively within the 50 s cut-off for human semen, which also fell within the 65 s cut-off for 
semen. In South African court, it was stated that a stain reacting positively within 50 s was 
considered to be from human and not animal origin. However, this specific use of the cut-off 
time remains unsubstantiated in the literature. Importantly, this study demonstrates that using 
a cut-off time for the brentamine test to discern between human and other specimens is 
misleading and is unlikely to yield accurate results. 
The activity of AP for dogs has be reported as 1820.3 U/L or 1.820 U/mL [106], which is 
lower than the reported activity of human AP (250 – 1300 U/mL) [77,78,80]. Based on the 
activity of AP from other animals [80–83], it may be inferred that if semen from those 
species were tested using the brentamine FB method, the reaction times would fall within the 
cut-off time of 65 s, and the arbitrarily defined 50 s ‘human-specific threshold’, providing 
further evidence suggesting that the 50 second ‘human-specific’ cut-off time is inaccurate.  
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Furthermore, and surprisingly, the tested food extracts also reacted within 50 s. 
However, a positive presumptive test changes to purple and the colour change for most of 
samples, except mushrooms, was not the same colour defined as the presumptive positive. 
Therefore these samples would likely be excluded from further testing. These results are 
consistent with other investigations examining the specificity of the brentamine test, which 
showed that food extracts also reacted within their cut-off times, but the colours produced 
were inconsistent with a presumptive positive for semen [3]. 
Here, we show that the use of spectrophotometry is an objective method to determine the 
presence of AP in a sample, by using the rate of the reaction as a marker. The rates of the 
human semen dilutions were relatively higher than those of non-human samples except for 
Ceylon tea. Using the UV-Vis spectrophotometer to monitor the reaction at a specific 
wavelength of light is more accurate than by simple visual observation [85]. UV-Vis 
spectrophotometry has been used as a method to determine the presence of blood [84], and 
more recently a method has been produced to discern the presence of saliva in stains [85] but 
this method must still be validated for forensic use. One caveat of this method is that 
mushroom extract reacts with brentamine at the same peak wavelength as semen. A 
requirement for a UV-Vis spectrophotometer is that the path of the emitted light must pass 
through a liquid solution in the cuvette without passing through any air. This means there 
must be a minimum volume in the cuvette, and in this study the minimum volume was 1 mL 
(800 μL of sample and 200 μL of AP reagent). In the forensic context, 800 μL would be 
considered a large volume, as often less sample is obtained, and it would also need to 
undergo  other downstream analysis; e.g. forensic DNA profiling. Mini- and micro-
spectrophotometers are available which require smaller sample volumes but to our 
knowledge, they are not designed to measure the change in absorbance over time [107–109]. 
Microspectrophotometers are designed to measure the spectra of microscopic objects or 
microscopic areas on specific objects [110]. These spectrophotometers are attached to 
microscopes, and the spectra is measured from light transmitted through the objective of the 
microscope from slides on the stage [111,112]. A portable handheld spectrometer has been 
designed but it measures Raman spectra not absorbance spectra and shows potential for body 
fluid identification at the crime scene [2,113].  Therefore the UV-Vis spectrophotometer used 
was used in this study as it has the ability to measure the change in absorbance over time 
which is what was required. 
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The scoring of slides of semen stains indicated no visible differences between fresh and 
aged specimens. In the aged specimens, spermatozoa with tails attached were seen until the 1 
in 40 dilution factor. The presence of attached tails has been proposed to indicate a time 
frame for that stain, but this method was developed for the indication of time since 
intercourse [14,22,23]. It has also been suggested that the method for extraction of the 
spermatozoa could lead to the mechanical degradation of the tails [14]. This suggests that 
using tails as a marker of time might not be suitable for forensic investigations [14,24]. 
We were able to demonstrate that staining with haematoxylin and eosin can be used to 
determine the morphology of spermatozoa, which could aid in the identification of the 
species of mammal based on the stain. Using morphometric assessment, the dimensions of 
the spermatozoa heads of canine were significantly different to the heads of human 
spermatozoa. The calculated dimensions, however for canine and human fell outside of the 
literature values [40,114], but this is more likely due to the small sample size measured in this 
study (n = 4). Morphometric assessment has been shown to work as a computer assisted 
program to distinguish between abnormal sperm heads in both canine and human semen 
[36,114]. 
There were several limitations in this study. There was a small sample of canine semen 
specimens (n = 2), this was due to the lack of availability of these samples within the time 
frame in which the study was performed. The extinction co-efficient of the azo dye was 
unknown and this constant would be needed to convert the absorbance value to a 
concentration. This would have made the reaction kinetics more reliable as a marker for 
presumptive testing given that absorbance is an arbitrary unit, whereas concentration gives a 
more quantitative result. 
We found that the direct method of presumptive semen identification is more sensitive 
than then indirect method. We show there is a chance for non-human semen and non-semen 
sample to react within the current cut-off time for presumptive identification of human 
semen. We illustrate the use the UV-vis spectrophotometry to be a more objective apparatus 
in determining between human semen and canine semen as well as non-semen samples. This 
study also shows that it is possible to differentiate between spermatozoa from different 
mammalian species when doing forensic sperm cytology.  
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5 Conclusions 
In this study, we show that direct testing is the more sensitive method for the 
presumptive presence of semen. Furthermore, sperm cytology could be used to distinguish 
between species but further investigations are needed to validate this method within a South 
African context Importantly, we demonstrate that the cut-off time for supposed ‘human 
specificity’ is unsuitable, as human semen, canine semen and food extracts all react with the 
65 s and 50 s thresholds. Furthermore, we propose using a UV-vis spectrophotometer as a 
more objective and accurate method to determine the presence of semen, and enzyme kinetics 
could be exploited to potentially differentiate between human and animal samples.  
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6 Supplementary Figures and Tables 
Table S1: Mean reaction times with standard deviation (s) for each specimens when tested using the brentamine reagent  
 
a there is no standard deviation due to the readings being the same value 
b there is on standard deviation as there was only one reading for that condition 
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Figure S1: The human paired reaction times for the fresh and aged specimens for the 
direct (white) and indirect (grey) testing. Wilcoxon match testing was perform for each 
dilution comparing direct and indirect testing, significant differences is illustrated by the 
asterisk. *p < 0.05, **p<0.005 and ***p<0.0005 
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Figure S2: A) The colour change of the food extracts after direct treatment with the brentamine reagent B) Absorbance spectra of the 
colour reaction for each of the food extracts. Water acted as the negative control and semen was the positive control 
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Figure S3 Rates for each reaction for paired fresh (blue) and aged (red) specimens for 
each dilution factor. (* p < 0.05). There is a statistical significant difference between 
fresh and aged reaction time for the neat and 1 in 4 dilution factors when tested using a 
Wilcoxon paired test.  
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Table S2: The mean reaction rate for each specimen with the standard deviation (Abs/s) 
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Table S3: The Morphometrics of sperm heads for human (n = 4) and canine (n = 4) 
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Figure S4: Spermatozoa extracted from A) fabric directly tested with brentamine FB 
(red arrows indicate spermatozoa) and B) untested fabric 
 
73 
 
 
Instructions to Authors (Abridged): Science & Justice 
Journal of the Chartered Society of Forensic Sciences 
DESCRIPTION 
 
Science & Justice provides a forum to promote communication and publication of original 
articles, reviews and correspondence on subjects that spark debates within the Forensic 
Science Community and the criminal justice sector. The journal provides a medium whereby 
all aspects of applying science to legal proceedings can be debated and progressed. Science & 
Justice is published six times a year, and will be of interest primarily to practising forensic 
scientists and their colleagues in related fields. It is chiefly concerned with the publication of 
formal scientific papers, in keeping with its international learned status, but will not accept 
any article describing experimentation on animals which does not meet strict ethical 
standards. 
Aims and Scope 
Promote communication and informed debate within the Forensic Science Community and 
the criminal justice sector. To promote the publication of learned and original research 
findings from all areas of the forensic sciences and by so doing to advance the profession. To 
promote the publication of case based material by way of case reviews. To promote the 
publication of conference proceedings which are of interest to the forensic science 
community. 
Scope: 
To provide a medium whereby all aspects of applying science to legal proceedings can be 
debated and progressed. To appeal to all those with an interest in the forensic sciences. 
Reference management software 
Most Elsevier journals have their reference template available in many of the most popular 
reference management software products. These include all products that support Citation 
Style Language styles (http://citationstyles.org), such as Mendeley 
 
74 
 
(http://www.mendeley.com/features/reference-manager) and Zotero 
(https://www.zotero.org/), as well as EndNote (http://endnote.com/downloads/styles). Using 
the word processor plug-ins from these products, authors only need to select the appropriate 
journal template when preparing their article, after which citations and bibliographies will be 
automatically formatted in the journal's style. If no template is yet available for this journal, 
please follow the format of the sample references and citations as shown in this Guide. 
Users of Mendeley Desktop can easily install the reference style for this journal by clicking 
the following link: 
http://open.mendeley.com/use-citation-style/science-and-justice 
When preparing your manuscript, you will then be able to select this style using the 
Mendeley plugins for Microsoft Word or LibreOffice. 
Reference style 
Text: Indicate references by number(s) in square brackets in line with the text. The actual 
authors can be referred to, but the reference number(s) must always be given. 
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....' 
List: Number the references (numbers in square brackets) in the list in the order in which 
they appear in the text. 
 
Examples: 
Reference to a journal publication: 
[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. 
Sci. Commun.163 (2010) 51–59. 
Reference to a book: 
[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000. 
Reference to a chapter in an edited book: 
[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. 
Jones, R.Z.Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New 
York, 2009, pp. 281–304. 
Reference to a website: 
[4] Cancer Research UK, Cancer statistics reports for the UK. 
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 
(accessed 13.03.03). 
75 
 
 
 
76 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Part D. Appendices 
  
77 
 
Acknowledgements 
I want to thank Dr Rachel Shuttleworth for helping with the donations of canine semen. Prof. 
Egan and the kidney stone lab for the use of the equipment and facilities. Ms. Laura 
Heathfield, my supervisor for her intellectual input in writing this dissertation. 
  
78 
 
References 
[1] J.H. An, K.J. Shin, W.I. Yang, H.Y. Lee, I.M. Review, Body fluid identification in 
forensics, BMB Rep. 45 (2012) 545–553. doi:10.5483/BMBRep.2012.45.10.206. 
[2] K. Virkler, I.K. Lednev, Analysis of body fluids for forensic purposes: From 
laboratory testing to non-destructive rapid confirmatory identification at a crime scene, 
Forensic Sci. Int. 188 (2009) 1–17. doi:10.1016/j.forsciint.2009.02.013. 
[3] J. Lewis, A. Baird, C. McAlister, A. Siemieniuk, L. Blackmore, B. McCabe, et al., 
Improved detection of semen by use of direct acid phosphatase testing, Sci. Justice. 53 
(2013) 385–394. doi:10.1016/j.scijus.2013.04.009. 
[4] D.G. Nelson, K.A. Santucci, An alternate light source to detect semen, Acad. Emerg. 
Med. 9 (2002) 1045–1048. doi:10.1197/aemj.9.10.1045. 
[5] S. Seidl, R. Hausmann, P. Betz, Comparison of laser and mercury-arc lamp for the 
detection of body fluids on different substrates, Int. J. Legal Med. 122 (2008) 241–244. 
doi:10.1007/s00414-007-0214-2. 
[6] D. Robinson, P. Willcox, 4-Methylumbelliferyl phosphate as a substrate for lysosomal 
acid phosphatase, Biochim. Biophys. Acta - Enzymol. 191 (1969) 183–186. 
doi:10.1016/0005-2744(69)90334-9. 
[7] M. Cox, A study of the sensitivity and specificity of four presumptive tests for blood., 
J. Forensic Sci. 36 (1991) 1503–1511. 
[8] S. Kaye, Acid Phosphatase Test for Seminal Stains : A Study of Reliability of Aged 
Stains, J. Crim. Law Criminol. 41 (1951). 
[9] J. Old, B.A. Schweers, P.W. Boonlayangoor, B. Fischer, K.W.P. Miller, K. Reich, 
Developmental Validation of RSIDTM-Semen: A Lateral Flow 
Immunochromatographic Strip Test for the Forensic Detection of Human Semen, J. 
Forensic Sci. 57 (2012) 489–499. doi:10.1111/j.1556-4029.2011.01968.x. 
[10] P. Martínez, B. Santiago, B. Alcalá, I. Atienza, Semen searching when sperm is absent, 
Sci. Justice. 55 (2015) 118–123. doi:10.1016/j.scijus.2015.01.008. 
[11] B.B. Hellerud, M. Bouzga, P. Hoff-Olsen, B. Mevåg, Semen detection: A retrospective 
overview from 2010, Forensic Sci. Int. Genet. Suppl. Ser. 3 (2011) 2010–2011. 
doi:10.1016/j.fsigss.2011.09.057. 
[12] P.S. Raju, N.K. Iyengar, Acid Phosphatase Reaction as a Specific Test for the 
Identification of Seminal Stains, J. Crim. Law Criminol. 55 (1964). 
[13] A.H. Hamed, Simple Method for Spectrophotometric Determination of Benzidine in 
Aqueous Solutions by Coupling with Β-Naphthol, J. Al-Nahrain Univ. 14 (2011) 43–
50. 
[14] J.E. Allard, A. Baird, G. Davidson, S. Jones, J. Lewis, L. McKenna, et al., A 
comparison of methods used in the UK and Ireland for the extraction and detection of 
semen on swabs and cloth samples, Sci. Justice. 47 (2007) 160–167. 
doi:10.1016/j.scijus.2007.09.010. 
[15] G. Davidson, T.B. Jalowiecki, Acid phosphatase screening - Wetting test paper or 
wetting fabric and test paper?, Sci. Justice. 52 (2012) 106–111. 
doi:10.1016/j.scijus.2011.08.001. 
79 
 
[16] P.J. Hooft, H.P. Van De Voorde, Interference of body products, food and products 
from daily life with the modified zinc test and the acid phosphatase test, Forensic Sci. 
Int. 66 (1994) 187–196. doi:10.1016/0379-0738(94)90343-3. 
[17] M. Vennemann, G. Scott, L. Curran, F. Bittner, S.S. Tobe, Sensitivity and specificity 
of presumptive tests for blood, saliva and semen, Forensic Sci. Med. Pathol. 10 (2014) 
69–75. doi:10.1007/s12024-013-9515-6. 
[18] P. Redhead, M.K. Brown, The acid phosphatase test two minute cut-off: An 
insufficient time to detect some semen stains, Sci. Justice. 53 (2013) 187–191. 
doi:10.1016/j.scijus.2012.09.004. 
[19] J. Lewis, S. Jones, F. Baxter, A. Siemieniuk, R. Talbot, The fallacy of the two-minute 
acid phosphatase cut off, Sci. Justice. 52 (2012) 76–80. 
doi:10.1016/j.scijus.2011.08.003. 
[20] L. Romero-Montoya, H. Martínez-Rodríguez, M.A. Pérez, R. Argüello-García, 
Relationship of spermatoscopy, prostatic acid phosphatase activity and prostate-
specific antigen (p30) assays with further DNA typing in forensic samples from rape 
cases, Forensic Sci. Int. 206 (2011) 111–118. doi:10.1016/j.forsciint.2010.07.012. 
[21] N. Khaldi, A. Miras, K. Botti, L. Benali, S. Gromb, Evaluation of three rapid detection 
methods for the forensic identification of seminal fluid in rape cases., J. Forensic Sci. 
49 (2004) 749–753. 
[22] J.P. Allery, N. Telmon, R. Mieusset, A. Blanc, D. Rougé, Cytological detection of 
spermatozoa: comparison of three staining methods., J. Forensic Sci. 46 (2001) 349–
351. 
[23] J.E. Allard, The collection of data from findings in cases of sexual assault and the 
significance of spermatozoa on vaginal, anal and oral swabs., Sci. Justice. 37 (1997) 
99–108. doi:10.1016/S1355-0306(97)72154-3. 
[24] S.S. Tobe, L. Dennany, M. Vennemann, An assessment of the subjectivity of sperm 
scoring, Forensic Sci. Int. 251 (2015) 83–86. doi:10.1016/j.forsciint.2015.03.014. 
[25] E.S. Boward, Under the Microscope: Comparing Mammalian Spermatozoa 
Morphologies for Sexual Assault Cases, Forensic Mag. (2015). 
http://www.forensicmag.com/articles/2015/05/under-microscope-comparing-
mammalian-spermatozoa-morphologies-sexual-assault-
cases?et_cid=4585897&et_rid=775824207&location=top (accessed May 25, 2015). 
[26] L. Roewer, Y chromosome STR typing in crime casework, Forensic Sci. Med. Pathol. 
5 (2009) 77–84. doi:10.1007/s12024-009-9089-5. 
[27] M. Bouzga, K.L. Valkvae, B. Mevaag, A rape case with multiple unknown 
perpetrators, Forensic Sci. Int. Genet. Suppl. Ser. 4 (2013) e362–e363. 
doi:10.1016/j.fsigss.2013.10.184. 
[28] A. Laffan, I. Sawyer, I. Quinones, B. Daniel, Evaluation of semen presumptive tests 
for use at crime scenes., Med. Sci. Law. 51 (2011) 11–17. 
doi:10.1258/msl.2010.010040. 
[29] A. Reshef, M. Barash, N. Gallili, A. Michael, P. Brauner, The use of acid phosphatase 
test papers for DNA profiling., Sci. Justice. 45 (2005) 97–102. doi:10.1016/S1355-
0306(05)71635-X. 
80 
 
[30] J.M. Berg, J.L. Tymoczko, L. Stryer, Biochemistry, 5th ed., W.H. Freeman and 
Company, New York, 2002. 
[31] H. Bisswanger, Enzyme Kinetics: Principles and Methods, 3rd ed., WILEY-VCH, 
Weinheim, 2002. 
[32] K.A. Johnson, R.S. Goody, The original Michaelis constant: Translation of the 1913 
Michaelis-Menten Paper, Biochemistry. 50 (2011) 8264–8269. 
doi:10.1021/bi201284u. 
[33] K.Y.C. Fung, L.M. Glode, S. Green, M.W. Duncan, A comprehensive characterization 
of the peptide and protein constituents of human seminal fluid, Prostate. 61 (2004) 
171–181. doi:10.1002/pros.20089. 
[34] M.W. Goldblatt, Constituents of human seminal plasma., Biochem. J. 29 (1935) 1346–
1357. 
[35] WHO, WHO laboratory manual for the examination of human semen and sperm-
cervical mucus interaction, World Heal. Organ. 4th ed. (1999) Cambridge University 
Press, Cambridge. doi:10.1111/j.1365-2605.1996.tb00454.x. 
[36] World Health Organiszation, WHO Laboratory Manual for the Examination and 
Processing of Human Semen, Fifth, Geneva, Switzerland, 2010. 
[37] D.H. Owen, D.F. Katz, A review of the physical and chemical properties of human 
semen and the formulation of a semen simulant., J. Androl. 26 (2005) 459–469. 
doi:10.2164/jandrol.04104. 
[38] A. Fiedler, J. Rehdorf, F. Hilbers, L. Johrdan, C. Stribl, M. Benecke, Detection of 
Semen (Human and Boar) and Saliva on Fabrics by a Very High Powered UV-/VIS-
Light Source, Open Forensic Sci. J. 1 (2008) 12–15. 
doi:10.2174/1874402800801010012. 
[39] R.C. Jones, To store or mature spermatozoa? The primary role of the epididymis., Int. 
J. Androl. 22 (1999) 57–67. doi:10.1046/j.1365-2605.1999.00151.x. 
[40] S. Pesch, M. Bergmann, Structure of mammalian spermatozoa in respect to viability, 
fertility and cryopreservation, Micron. 37 (2006) 597–612. 
doi:10.1016/j.micron.2006.02.006. 
[41] C.B. Huggins, A.A. Johnson, Chemical observations on fluids of the seminal tract., 
Am. J. Physiol. Content. 103 (1933) 574–581. 
[42] J.J. Edwards, S.L. Tollaksen, N.G. Anderson, Proteins of human semen. I. Two-
dimensional mapping of human seminal fluid, Clin. Chem. 27 (1981) 1335–1340. 
[43] M. Autiero, G. Sasone, P. Abrescia, Relative Ratios of Lactoferrin, Albumin, and Acid 
Phophatase Seminal Levels as Sperm Quality Markers in Fertile and Infertile Men, J. 
Androl. 12 (1991). 
[44] M. Hara, Y. Koyanagi, T. Inoue, T. Fukuyama, Some physico-chemical characteristics 
of “ γ-seminoprotein”, an antigenic component specific for human seminal plasma. 
Forensic immunological study of body fluids and secretion. VII, Japanese J. Leg. Med. 
25 (1971) 322–324. 
[45] G.F. Sensabaugh, D. Crim, Isolation and characterization of a semen-specific protein 
from human seminal plasma: a potential new marker for semen identification., J. 
81 
 
Forensic Sci. 23 (1978) 106–15. 
[46] M.C. Wang, L.A. Valenzuela, G.P. Murphy, T.M. Chu, Purification of a human 
prostate specific antigen., Invest. Urol. 17 (1979) 159–163. 
[47] T.S. Li, C.G. Beling, The effect of antibodies to two human seminal plasma-specific 
antigens on human sperm., Fertil. Steril. 25 (1974) 851–856. 
[48] A.R. Rao, H.G. Motiwala, O.M.A. Karim, The discovery of prostate-specific antigen, 
BJU Int. 101 (2008) 5–10. doi:10.1111/j.1464-410X.2007.07138.x. 
[49] M. Yokota, T. Mitani, H. Tsujita, T. Kobayashi, T. Higuchi, A. Akane, et al., 
Evaluation of prostate-specific antigen (PSA) membrane test for forensic examination 
of semen, Leg. Med. 3 (2001) 171–176. doi:10.1016/S1344-6223(01)00031-1. 
[50] H. Lilja, C.B. Laurell, Liquefaction of coagulated human semen., Scand. J. Clin. Lab. 
Invest. 44 (1984) 447–52. doi:10.3109/00365518409083836. 
[51] C. Lee, M. Keefer, Z.W. Zhao, R. Kroes, L. Berg, X.X. Liu, et al., Demonstration of 
the role of prostate-specific antigen in semen liquefaction by two-dimensional 
electrophoresis., J. Androl. 10 (1989) 432–8. doi:10.1002/j.1939-4640.1989.tb00134.x. 
[52] M. Kuriyama, M.C. Wang, L.D. Papsidero, C.S. Killian, T. Shimano, L. Valenzuela, et 
al., Quantitation of prostate-specific antigen in serum by a sensitive enzyme 
immunoassay, Cancer Res. 40 (1980) 4658–4662. 
[53] T.A. Stamey, N. Yang, A.R. Hay, J.E. McNeal, F.S. Freiha, E. Redwine, Prostate-
Specific Antigen as a Serum Marker for Adenocarcinoma of the Prostate, N. Engl. J. 
Med. 317 (1987) 909–916. doi:10.1056/NEJM198710083171501. 
[54] H. Lilja, A. Lundwall, Molecular cloning of epididymal and seminal vesicular 
transcripts encoding a semenogelin-related protein., Proc. Natl. Acad. Sci. U. S. A. 89 
(1992) 4559–63. http://www.ncbi.nlm.nih.gov/pubmed/1584792. 
[55] J. Malm, J. Hellman, H. Magnusson, C.B. Laurell, H. Lilja, Isolation and 
characterization of the major gel proteins in human semen, semenogelin I and 
semenogelin II., Eur. J. Biochem. 238 (1996) 48–53. 
http://www.ncbi.nlm.nih.gov/pubmed/8665951. 
[56] E. de Lamirande, Semenogelin, the main protein of the human semen coagulum, 
regulates sperm function, Semin. Thromb. Hemost. 33 (2007) 60–68. doi:10.1055/s-
2006-958463. 
[57] H. Lilja, J. Oldbring, G. Rannevik, C.B. Laurell, Seminal vesicle-secreted proteins and 
their reactions during gelation and liquefaction of human semen., J. Clin. Invest. 80 
(1987) 281–5. doi:10.1172/JCI113070. 
[58] E. de Lamirande, G. Lamothe, Levels of semenogelin in human spermatozoa decrease 
during capacitation: involvement of reactive oxygen species and zinc, Hum. Reprod. 
25 (2010) 1619–1630. doi:10.1093/humrep/deq110. 
[59] M. Derechin, W. Ostrowski, M. Galka, E.A. Barnard, Acid Phosphomonoesterase of 
human prostate. Molecular weight, dissociation and chemical composition, Biochim. 
Biophys. Acta - Enzymol. 250 (1971) 143–154. doi:10.1016/0005-2744(71)90128-8. 
[60] L.T. Yam, Clinical significance of the human acid phosphatases, Am. J. Med. 56 
(1974) 604–616. doi:10.1016/0002-9343(74)90630-5. 
82 
 
[61] W.S. Ostrowski, R. Kuciel, Human prostatic acid phosphatase: Selected properties and 
practical applications, Clin. Chim. Acta. 226 (1994) 121–129. doi:10.1016/0009-
8981(94)90209-7. 
[62] B. Walter F., Medical Physiology: A Cellular And Molecular Approaoch, 
Elsevier/Saunders, 2003. 
[63] F. Schønheyder, Kinetics of ’ Acid ’ Phosphatase Action, Biochem. J. 50 (1952) 378–
384. 
[64] N. Vandenberg, R.A.H. Oorschot, The Use of Polilight® in the Detection of Seminal 
Fluid, Saliva, and Bloodstains and Comparison with Conventional Chemical-Based 
Screening Tests, J. Forensic Sci. 51 (2006) 361–370. doi:10.1111/j.1556-
4029.2006.00065.x. 
[65] A. Mozayani, C. Noziglia, eds., The Forensic Laboratory Handbook Procedures and 
Practice, Second, Humana Press, Totowa, NJ, 2011. doi:10.1007/978-1-60761-872-0. 
[66] K. Mirakovits, G. Londino, The Basics of Investigating Forensic Science: A 
Laboratory Manual, CRC Press, 2015. 
https://books.google.com/books?id=HdeYCgAAQBAJ&pgis=1 (accessed October 22, 
2015). 
[67] R. Li, Forensic Biology, Second Edition, CRC Press, 2015. 
https://books.google.com/books?id=ZHcZBwAAQBAJ&pgis=1 (accessed October 22, 
2015). 
[68] E.S. Boward, S.L. Wilson, A comparison of ABAcard® p30 and RSIDTM-Semen test 
kits for forensic semen identification., J. Forensic Leg. Med. 20 (2013) 1126–30. 
doi:10.1016/j.jflm.2013.09.007. 
[69] M.N. Hochmeister, B. Budowle, O. Rudin, C. Gehrig, U. Borer, M. Thali, et al., 
Evaluation of prostate-specific antigen (PSA) membrane test assays for the forensic 
identification of seminal fluid., J. Forensic Sci. 44 (1999) 1057–1060. 
[70] S.E. Bitner, False Positives Observed on the Seratec® PSA SemiQuant Cassette Test 
with Condom Lubricants, J. Forensic Sci. 57 (2012) 1545–1548. doi:10.1111/j.1556-
4029.2012.02141.x. 
[71] M.M. Hobbs, M.J. Steiner, K.D. Rich, M.F. Gallo, A. Alam, M. Rahman, et al., Good 
Performance of Rapid Prostate-Specific Antigen Test for Detection of Semen 
Exposure in Women: Implications for Qualitative Research, Sex. Transm. Dis. 36 
(2009) 501–506. doi:10.1097/OLQ.0b013e3181a2b4bf. 
[72] P.J. Hooft, H.P. van de Voorde, Interference of body products, food and products from 
daily life with the modified zinc test and the acid phosphatase test, Forensic Sci. Int. 66 
(1994) 187–196. doi:10.1016/0379-0738(94)90343-3. 
[73] B. Singh, I. Gautam, V. Yadav, B. Mohapatra, Detection of Human seminal stains in 
one minute by modified acid phosphatase test, Eur. J. Forensic Sci. 2 (2015) 1. 
doi:10.5455/ejfs.174414. 
[74] J. Kearsey, H. Louie, H. Poon, Validation study of the “onestep ABAcard® PSA test” 
kit for RCMP casework, J. Can. Soc. Forensic Sci. 34 (2001) 63–72. 
doi:10.1080/00085030.2001.10757518. 
83 
 
[75] W.G. Bardsley, P. Leff, J. Kavanagh, R.D. Waight, Deviations from Michaelis-Menten 
kinetics. The possibility of complicated curves for simple kinetic schemes and the 
computer fitting of experimental data for acetylcholinesterase, acid phosphatase, 
adenosine deaminase, arylsulphatase, benzylamine oxidase, Biochem. J. 187 (1980) 
739–765. 
[76] E. Luchter-Wasylewska, Cooperative kinetics of human prostatic acid phosphatase., 
Biochim. Biophys. Acta. 1548 (2001) 257–264. 
[77] M. Vaubourdolle, J.-P. Clavel, L. Cynober, A. Piton, A. Galli, Acid phosphatase and 
zinc in semen of subjects with no clinical evidence of prostatic disease., Clin. Chem. 
31 (1985) 878–80. 
[78] S. Telisman, P. Cvitković, J. Jurasović, A. Pizent, M. Gavella, B. Rocić, Semen quality 
and reproductive endocrine function in relation to biomarkers of lead, cadmium, zinc, 
and copper in men., Environ. Health Perspect. 108 (2000) 45–53. doi:sc271_5_1835 
[pii]. 
[79] M. Gavella, Simple, rapid determination of zinc and acid phosphatase in seminal 
plasma with an ABA-100 bichromatic analyzer., Clin. Chem. 34 (1988) 1605–7. 
[80] R. Miteva, D. Zapryanova, I. Fasulkov, S. Yotov, T. Mircheva, Investigations on acid 
phosphatase activity in the seminal plasma of humans and animals, Trakia J. Sci. 8 
(2010) 20–23. 
[81] D. Roussel, O.T. Stallcup, Relationships between phosphatase activity and other 
charachteristics in bull semen, J. Reprod. Fertil. 12 (1966) 423– 429. 
[82] H. Zakrzewska, J. Udala, B. Blaszczyk, In vitro influence of sodium fluoride on ram 
semen quality and enzyme activities, Fluoride. 35 (2002) 153–160. 
[83] G.J. King, J.W. Macpherson, Alkaline and acid phosphatase activity, pH and osmotic 
pressure of boar semen., Can. J. Comp. Med. Vet. Sci. 30 (1966) 304–7. 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1494602&tool=pmcentrez
&rendertype=abstract. 
[84] W. Specht, The Chemiluminescence of Hemin: An Aid for Finding and Recognizing 
Blood Stains Important for Forensic Purposes, in: R.E. Gaensslen (Ed.), Sourceb. 
Forensic Serol. Immunol. Biochem., U.S. Department of Justice, Washinton, DC., 
1983: pp. 67–69. 
[85] T.L. Reena Roy, Ultraviolet-Visible Spectrophotometry (UV-VIS) and SALIgAE® 
Qualitative and Semi-quantitative Tools for the Analysis of Salivary Amylase, J. 
Forensic Res. 05 (2014). doi:10.4172/2157-7145.1000247. 
[86] A. Davies, E. Wilson, The persistence of seminal constituents in the human vagina, 
Forensic Sci. 3 (1974) 45–55. doi:10.1016/0300-9432(74)90006-5. 
[87] P. Wiegand, M. Kleiber, DNA typing of epithelial cells after strangulation., Int J Leg. 
Med. 110 (1997) 181–183. doi:10.1007/s004140050063. 
[88] RSIDTM | Independent Forensics, (2012). http://www.ifi-test.com/rsid/ (accessed 
November 6, 2015). 
[89] I. Sato, K. Kojima, T. Yamasaki, K. Yoshida, M. Yoshiike, S. Takano, et al., Rapid 
detection of semenogelin by one-step immunochromatographic assay for semen 
84 
 
identification., J. Immunol. Methods. 287 (2004) 137–45. 
doi:10.1016/j.jim.2004.01.017. 
[90] I. Sato, M. Sagi, A. Ishiwari, H. Nishijima, E. Ito, T. Mukai, Use of the “SMITEST” 
PSA card to identify the presence of prostate-specific antigen in semen and male urine, 
Forensic Sci. Int. 127 (2002) 71–74. doi:10.1016/S0379-0738(02)00111-1. 
[91] A. Vidaki, B. Daniel, D.S. Court, Forensic DNA methylation profiling—Potential 
opportunities and challenges, Forensic Sci. Int. Genet. 7 (2013) 499–507. 
doi:10.1016/j.fsigen.2013.05.004. 
[92] L. Stewart, N. Evans, K.J. Bexon, D.J. Van Der Meer, G.A. Williams, Differentiating 
between monozygotic twins through DNA methylation-specific high-resolution melt 
curve analysis, Anal. Biochem. 476 (2015) 36–39. doi:10.1016/j.ab.2015.02.001. 
[93] D. van der Meer, M.L. Uchimoto, G. Williams, Simultaneous analysis of micro-RNA 
and DNA for determining the body fluid origin of DNA profiles, J. Forensic Sci. 58 
(2013) 967–971. doi:10.1111/1556-4029.12160. 
[94] T. Sijen, Molecular approaches for forensic cell type identification: On mRNA, 
miRNA, DNA methylation and microbial markers, Forensic Sci. Int. Genet. 18 (2015) 
21–32. doi:10.1016/j.fsigen.2014.11.015. 
[95] J. Juusola, J. Ballantyne, Multiplex mRNA profiling for the identification of body 
fluids, Forensic Sci. Int. 152 (2005) 1–12. doi:10.1016/j.forsciint.2005.02.020. 
[96] J. Juusola, J. Ballantyne, Messenger RNA profiling: a prototype method to supplant 
conventional methods for body fluid identification, Forensic Sci. Int. 135 (2003) 85–
96. doi:10.1016/S0379-0738(03)00197-X. 
[97] D. Zubakov, A.W.M. Boersma, Y. Choi, P.F. van Kuijk, E.A.C. Wiemer, M. Kayser, 
MicroRNA markers for forensic body fluid identification obtained from microarray 
screening and quantitative RT-PCR confirmation, Int. J. Legal Med. 124 (2010) 217–
226. doi:10.1007/s00414-009-0402-3. 
[98] M. Vennemann, A. Koppelkamm, mRNA profiling in forensic genetics I: Possibilities 
and limitations, Forensic Sci. Int. 203 (2010) 71–75. 
doi:10.1016/j.forsciint.2010.07.006. 
[99] E.K. Hanson, H. Lubenow, J. Ballantyne, Identification of forensically relevant body 
fluids using a panel of differentially expressed microRNAs, Anal. Biochem. 387 
(2009) 303–314. doi:10.1016/j.ab.2009.01.037. 
[100] M. Setzer, J. Juusola, J. Ballantyne, Recovery and stability of RNA in vaginal swabs 
and blood, semen, and saliva stains., J. Forensic Sci. 53 (2008) 296–305. 
doi:10.1111/j.1556-4029.2007.00652.x. 
[101] M. Bauer, S. Polzin, D. Patzelt, Quantification of RNA degradation by semi-
quantitative duplex and competitive RT-PCR: A possible indicator of the age of 
bloodstains?, Forensic Sci. Int. 138 (2003) 94–103. 
doi:10.1016/j.forsciint.2003.09.008. 
[102] M. Bauer, D. Patzelt, A method for simultaneous RNA and DNA isolation from dried 
blood and semen stains, Forensic Sci. Int. 136 (2003) 76–78. doi:10.1016/S0379-
0738(03)00219-6. 
85 
 
[103] D. Frumkin, A. Wasserstrom, B. Budowle, A. Davidson, DNA methylation-based 
forensic tissue identification., Forensic Sci. Int. Genet. 5 (2011) 517–24. 
doi:10.1016/j.fsigen.2010.12.001. 
[104] H.Y. Lee, M.J. Park, A. Choi, J.H. An, W.I. Yang, K.-J. Shin, Potential forensic 
application of DNA methylation profiling to body fluid identification., Int. J. Legal 
Med. 126 (2012) 55–62. doi:10.1007/s00414-011-0569-2. 
[105] S.S. Kind, The Use of the Acid Phosphatase Test in Searching for Seminal Stains, J. 
Crim. Law. Criminol. Police Sci. 47 (1957) 597–600. doi:10.2307/1139041. 
[106] F.W. Bell, J.S. Klausner, D.W. Hayden, E.M. Lund, B.B. Liebenstein, D. a Feeney, et 
al., Evaluation of serum and seminal plasma markers in the diagnosis of canine 
prostatic disorders., J. Vet. Intern. Med. 9 (1995) 149–153. doi:10.1111/j.1939-
1676.1995.tb03288.x. 
[107] Allied Scientific Pro, (n.d.). https://alliedscientificpro.com/shop/product/portable-
spectrometer-uv-vis-with-lcd-screen-19311 (accessed April 11, 2016). 
[108] Global Water, (n.d.). http://www.globalw.com/products/photolab.html. 
[109] Ocean Optics, (n.d.). http://oceanoptics.com/product/usb2000uv-vis/ (accessed April 
11, 2016). 
[110] What Is A Microspectrophotometer?, CRAIC Technol. (n.d.). 
http://www.microspectra.com/msp.htm. 
[111] J. Ziȩba-Palus, Microspectrophotometry in Forensic Science, in: Encycl. Anal. Chem., 
John Wiley & Sons, Ltd, Chichester, UK, 2000. doi:10.1002/9780470027318.a1117. 
[112] V. Evangelista, A polychromator-based microspectrophotometer, Int. J. Biol. Sci. 
(2007) 251–256. doi:10.7150/ijbs.3.251. 
[113] K. Virkler, I.K. Lednev, Raman spectroscopic signature of semen and its potential 
application to forensic body fluid identification, Forensic Sci. Int. 193 (2009) 56–62. 
doi:10.1016/j.forsciint.2009.09.005. 
[114] M. Dahlbom, M. Andersson, M. Vierula, M. Alanko, Morphometry of normal and 
teratozoospermic canine sperm heads using an image analyzer: work in progress, 
Theriogenology. 48 (1997) 687–698. doi:10.1016/S0093-691X(97)00284-7. 
 
  
86 
 
Budget and Ethics Approval Letter 
Item Quantity Price (Rand) excl VAT 
α-napthyl phosphate 5g 1337.90 
Brentamine FB 100g 5723.03 
Fabric  3m 117.00 
Spray bottles 6 76.00 
Whatman Filter Paper 10 boxed  1094.40 
Plastic Consumables (e.g. tips) various 500.00 
Acid phosphatase enzyme 1mg 10 807.20 
Total (including VAT): 
 
22 407.30 
 
  
87 
 
  
88 
 
 
